Diagnosis And Management
Of Shock In The Emergency
Department
Shock is a state of acute circulatory failure leading to decreased organ
perfusion, with inadequate delivery of oxygenated blood to tissues
and resultant end-organ dysfunction. The mechanisms that can result
in shock are divided into 4 categories: (1) hypovolemic, (2) distributive, (3) cardiogenic, and (4) obstructive. While much is known regarding treatment of patients in shock, several controversies continue
in the literature. Assessment begins with identifying the need for
critical interventions such as intubation, mechanical ventilation, or
obtaining vascular access. Prompt workup should be initiated with
laboratory testing (especially of serum lactate levels) and imaging, as
indicated. Determining the intravascular volume status of patients
in shock is critical and aids in categorizing and informing treatment
decisions. This issue reviews the 4 primary categories of shock as well
as special categories, including shock in pregnancy, traumatic shock,
septic shock, and cardiogenic shock in myocardial infarction. Adherence to evidence-based care of the specific causes of shock can optimize a patient’s chances of surviving this life-threatening condition.
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Analyze available clinical data to be able to distinguish between
the distinct pathophysiologic mechanisms that cause shock.

Describe and apply the initial resuscitative and therapeutic steps
in the management of a patient presenting with undifferentiated
shock.
Compare and contrast focused therapeutic interventions for the
distinct pathophysiologic categories of shock.
Discuss the evidence-based clinical approach to hemorrhagic
shock due to trauma.

Prior to beginning this activity, see “Physician CME Information” on the
back page.
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Equation 2
MAP = CO x SVR

Case Presentation
You are working in the ED late one evening when an 82-yearold man is brought in by his son. His son reports that earlier
today, his father had been in his usual state of health, but this
evening he found his father confused, with labored breathing. On arrival, the patient has the following vital signs:
temperature, 38°C; heart rate, 130 beats/min; blood pressure,
110/60 mm Hg; respiratory rate, 34 breaths/min; and oxygen
saturation, 89% on room air. He is delirious and unable to
answer questions. A focused physical examination demonstrates tachycardia without extra heart sounds or murmurs,
right basilar crackles on lung auscultation, a benign abdomen,
and 1+ lower extremity pitting edema. You establish intravenous access with a peripheral catheter and send basic labs. A
further history obtained from the son reveals that his father has
congestive heart failure with a low systolic ejection fraction,
as well as a history of several prior myocardial infarctions that
were treated with stent placement.
As you consider this case, you ask yourself whether
this patient is in shock, and if he is, what are the specific
causative pathophysiologic mechanisms? You review
which diagnostic tests are indicated to assist with the differential diagnosis of shock and you consider options for
the initial management of this patient.

Abbreviations: CO, cardiac output; MAP, mean arterial pressure; SVR, systemic vascular resistance.
As noted in Equation 3, cardiac output is determined by stroke volume and heart rate, and stroke
volume is affected by preload, afterload, and contractility. The concept of preload influencing stroke
volume (and thereby affecting cardiac output and
DO2) is a core physiologic aspect of the assessment
and management of patients in shock.
Equation 3
CO = HR x SV
Abbreviations: CO, cardiac output; HR, heart rate;
SV, stroke volume.
Changes in preload, stroke volume, system
vascular resistance, and cardiac output can result in
impaired tissue and organ perfusion. The impaired
delivery of oxygen to peripheral cells that occurs in
shock results in a transition from aerobic to anaerobic
cellular metabolism. Anaerobic metabolism generates
lactate via metabolism of glucose to pyruvate, and
lactate can be used as a surrogate marker for tissue
hypoxemia and the severity of shock. Cells can engage in anaerobic metabolism for a limited time, but
persistent cellular hypoxia results in cell death and
tissue necrosis, leading to multiorgan system dysfunction and failure. The saturation of venous oxygen
measured from central vessels (such as the superior
vena cava), is another biochemical marker of peripheral oxygen uptake and can be used diagnostically to
help with prognosis in the comprehensive assessment
of patients presenting in shock.
The pathophysiologic mechanisms that can result in shock are divided into 4 separate (but potentially overlapping) categories: (1) hypovolemic, (2)
distributive, (3) cardiogenic, and (4) obstructive.2
Definitive treatment for patients in shock depends on the specific etiology; however, this may
not be immediately clear on initial presentation to
the emergency department (ED). As with much of
emergency medicine, the initiation of therapy and
patient stabilization may occur simultaneously with
evaluation. The goals in treating patients in shock
are restoring adequate organ perfusion and oxygen
delivery while considering/treating the possible
cause(s) of shock.
In early shock, compensation occurs by modulation of cardiac output and vascular tone by the
autonomic nervous system.1 Carotid baroreceptors
respond to decreased blood pressure by triggering
increased sympathetic signaling. This autonomic
nervous system-mediated sympathetic response

Introduction
Shock is a state of acute cardiovascular or circulatory
failure. It leads to decreased delivery of oxygenated
blood to the body's organs and tissues or impaired
oxygen utilization by peripheral tissues, resulting in
end-organ dysfunction.1 The physiologic mechanism
of oxygen delivery to peripheral tissues (DO2) is
described in the formula in Equation 1.
Equation 1
DO2 = (cardiac output) x [(hemoglobin concentration) x SaO2 x 1.39] + (PaO2 x 0.003)
Abbreviations: DO2, oxygen delivery; PaO2; partial
oxygen pressure; SaO2, arterial oxygen saturation.
Blood pressure is not included in this formula;
while shock is frequently associated with hypotension, patients may present with “cryptic shock” in
which they have a blood pressure typically considered to be within normal ranges, yet they have pathophysiologic signs of shock (particularly early in their
clinical course). Many patients in shock ultimately
develop hypotension, but a high index of suspicion is
necessary to identify patients with shock and normal
blood pressures during their initial presentation.
Equation 2 demonstrates the influence that cardiac output has on blood pressure (as evidenced by
mean arterial pressure). A mean arterial pressure that
decreases below a critical threshold will result in decreased cardiac output and, thereby, decreased DO2.
Emergency Medicine Practice © 2014

2

www.ebmedicine.net • March 2014

results in an increase in contractility and heart rate,
thereby increasing cardiac output. (See Equation 1
and Table 1, page 3). In addition, increased sympathetic signaling results in alpha-1 receptor activation
and systemic vascular resistance. This issue of Emergency Medicine Practice analyzes the pathophysiology
of the 4 types of shock and provides best practice
recommendations on the diagnosis and management
in the ED.

the availability of these studies. Randomized controlled trials are more prevalent in the critical care and
cardiology literature. Where randomized controlled
trials are not available, prospective observational
studies and retrospective studies were used.

Pathophysiology
Patients in shock present to the ED in varying states
of critical illness, depending upon their age and underlying medical conditions, as well as the etiology
and the clinical and temporal progression of shock.
An expedited approach to patients in shock can
identify underlying etiology(ies) of shock as well as
reveal causes of shock that require specific therapeutic interventions (such as early source control
for septic shock).3 A prompt evaluation focusing on
rapid diagnosis and empiric resuscitation, usually
before the results of laboratory or imaging tests are
available, is critical.
Considering the specific category of the patient’s
shock (eg, hypovolemic, distributive, cardiogenic,
or obstructive) can assist emergency clinicians in
generating appropriate differential diagnoses for the
underlying etiology(ies) of shock and thereby help
guide definitive treatment.4

Critical Appraisal Of The Literature
A literature search was performed using Ovid MEDLINE® and PubMed from 1950 to December 2013.
Areas of focus were shock, emergency management
of shock, and emergency diagnosis of shock. Specific
searches were performed for types of shock including the terms: hypovolemic, hemorrhagic, distributive,
septic, neurogenic, anaphylactic, cardiogenic, obstructive,
pulmonary embolism, and cardiac tamponade. Highquality review articles were noted and provided the
foundation for additional primary literature review.
Over 300 articles were reviewed, which provided
background for further literature review.
The Cochrane Database of Systematic Reviews
and the National Guideline Clearinghouse (www.
guideline.gov) were also consulted.
Literature from emergency medicine journals was
assessed. Although studies from the critical care or
intensive care literature do not necessarily include ED
patients, clinical lessons from these studies are often
reasonable to apply to the ED population. Studies
from cardiology literature were also included.
Randomized controlled trials were included
in this review whenever possible. Due to the acute
nature of patients presenting to the ED in shock, randomization in the ED can be difficult, thereby limiting

Hypovolemic Shock

Hypovolemic shock occurs due to inappropriately
low intravascular volume leading to decreased
preload, decreased stroke volume, and decreased
cardiac output.5,6 Hypovolemic shock can be due
to decreased intravascular fluid or decreased blood
volume.5,6 Decreased blood volume is due to hemorrhage. Severe hemorrhage, resulting in loss of
circulating red blood cells, can result in decreased
myocardial oxygen delivery, further decreasing cardiac output, with primary compensatory responses
of autonomic nervous system-mediated increases in
systemic vascular resistance.

Table 1. Categories Of Shock2

Cardiogenic

Obstructive

Causes
Hemorrhage, GI losses,
third spacing, burns

preload
SVR
/ CO

Sepsis, anaphylaxis,
neurogenic shock,
pancreatitis

preload
SVR
CO

Myocardial infarction,
symptomatic bradycardia, valvular disease,
heart blocks, end-stage
heart failure

preload
SVR
CO

Pulmonary embolism,
tension pneumothorax,
pericardial tamponade

➞ ➞ ➞

preload
SVR
CO

➞ ➞ ➞
➞

Distributive

Hemodynamics

➞ ➞ ➞

Hypovolemic

➞ ➞ ➞

Category

Distributive Shock

Distributive shock is characterized by profound
systemic vasodilation and is commonly associated
with relative intravascular volume depletion. Management often involves addressing both distributive
and hypovolemic pathophysiology.
Primary compensatory responses to decreased
systemic vascular resistance in distributive shock
include increased cardiac output, tachycardia, and
hyperdynamic left ventricular systolic contraction.4,7
In addition, decreased systemic vascular resistance
and increased venous capacitance results in decreased preload, compromising cardiac output despite increases in heart rate and contractility. Up to
40% of patients with distributive shock due to sepsis
may develop a transient cardiomyopathy. The path
of this process has not been full elucidated.8 Cardio-

Abbreviations: CO, cardiac output; GI, gastrointestinal; SVR, systemic
vascular resistance.
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rior or superior vena cava. Tension pneumothorax,13
herniation of abdominal contents into the thorax,14
and positive pressure ventilation15 are processes
that result in decreased cardiac compliance and
obstruction of the vena cava, decreased preload, and
decreased cardiac output.
Extracardiac processes that cause right ventricle
outflow obstruction include severe pulmonary hypertension16 and massive pulmonary embolism.17 Increased right ventricle obstruction causes decreased
right ventricle stroke volume, decreased pulmonary
arterial flow, decreased left ventricle preload, decreased left ventricle cardiac output, and decreased
delivery of oxygenated blood to peripheral tissues.

myopathy of sepsis is characterized by decreased left
ventricular inotropy and decreased cardiac output.9
Cardiomyopathy is associated with a mortality rate
as high as 70%.10
While septic shock is the most common cause of
distributive shock, other processes can cause distributive pathophysiology, including anaphylaxis,
adrenal insufficiency, transfusion reactions, and
liver failure. Although neurogenic shock is pathophysiologically characterized as distributive shock,
clinical management of neurogenic shock is distinct
from other forms of distributive shock. Emergency
clinicians should entertain a broad differential while
evaluating patients with distributive pathophysiology to avoid prematurely concluding that sepsis is the
diagnosis. Furthermore, it is important to emphasize
that while shock is often divided into 4 categories,
some conditions can produce overlapping manifestations of several categories of shock. Specifically,
sepsis can present with characteristics of distributive, hypovolemic, and even cardiogenic shock.

Table 2. Etiologies Of Cardiogenic Shock11

Cardiogenic Shock

Cardiogenic shock is due to the failure of the left
ventricle to generate adequate arterial flow to deliver oxygenated blood to peripheral tissues. Cardiogenic shock may be due to disruptions in stroke volume and/or heart rate. Failure of the left ventricle
to generate adequate oxygen delivery may be due
to processes such as right ventricle failure or valvular disease.11 Pathophysiologic processes that can
negatively affect stroke volume include aberrations
in preload, afterload, and myocardial contractility.
Myocardial infarction is the most common cause of
cardiogenic shock, but there are many other causes.
(See Table 2.) For more information on cardiogenic
shock due to myocardial infarction, see the "Special
Circumstances" section on page 14.
Abnormal heart rates can also cause cardiogenic shock. Bradyarrhythmias can result in a low
cardiac output, and tachyarrhythmias can result in
decreased preload due to decreased diastolic filling
time (resulting in a critically compromised stroke
volume and decreased cardiac output). The primary systemic compensatory response to decreased
cardiac output is an autonomic nervous systemmediated increase in systemic vascular resistance.
This increase in systemic vascular resistance causes
the common finding of cold and clammy extremities
in patients with cardiogenic shock.

Decreased Stroke Volume

Obstructive Shock

Abnormal Heart Rates
• Bradyarrhythmias

• Acute Myocardial Infarction
l

l

l

Large left-sided infarct

Infarct in setting of existing disease

Mechanical complications of infarction
• Mechanical Complications Of Infarction
l

l

l

Acute mitral regurgitation due to papillary muscle rupture
Ventricular septal defect

Free wall rupture
• Valvular Heart Disease
l

l

Mitral stenosis or regurgitation

Aortic stenosis or regurgitation
• Dilated Cardiomyopathy
Ischemic
l

l

l

l

l

l

Viral/bacterial

l

Toxin-induced

l

Rheumatologic

l

Hypertrophic Cardiomyopathy
Restrictive Cardiomyopathy
Myocarditis
Takotsubo Cardiomyopathy
Atrial Myxoma
Orthotopic Transplant Rejection
Cardiac Trauma
Blunt
• Atrial Myxoma
• Orthotopic Transplant Rejection
•
•
•
•
•
•
•

l

Obstructive shock results from either a critical
decrease in preload or an increase in left ventricle
outflow obstruction.2,12 Extracardiac processes that
increase intrathoracic pressure can result in obstructive shock by decreasing cardiac compliance and
interrupting venous return by compressing the infeEmergency Medicine Practice © 2014

Right-sided infarct

l

l

Thyroid disease

Pheochromocytoma
Congenital

Peripartum

l

Sarcoidosis

l

Penetrating

Sick sinus syndrome

Junctional bradycardia

Complete heart block
Tachyarrhythmias
Atrial fibrillation/flutter
l

l

l

l

4

Reentrant atrial tachycardia

l

Ventricular tachycardia
Ventricular fibrillation
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unconscious without a witness should be evaluated for the possibility of trauma contributing to or
causing their shock. Trauma may also present as a
complication secondary to other shock etiologies.

Emergency Department Evaluation
Initial Stabilization

Preliminary assessment in the ED begins with a
primary survey to identify the need for critical interventions such as intubation, mechanical ventilation,
or obtaining vascular access. Patients may need to
be immediately intubated for refractory hypoxemia,
hypoventilation, or the inability to protect their airway. Early intubation is reasonable in patients with
poor projected clinical trajectories, such as those
with declining mental status or impending respiratory failure. Benefits of early mechanical ventilation
may include improved systemic oxygenation as well
as a marked decrease in work of breathing, further
reducing systemic oxygen consumption and improving oxygen debt.18,19
Oxygen saturation should be checked immediately and continuously monitored. The chest should
be auscultated, with specific attention paid to equal
air movement and bilateral chest wall rise. Typically, patients in shock who do not require immediate intubation and mechanical ventilation are given
supplemental oxygen, although the optimal oxygen
concentration in patients with shock is unknown.
Recent data have suggested that critically ill patients
with myocardial infarction or return of spontaneous
circulation after cardiac arrest have increased mortality with hyperoxia.20-22 However, these findings
have not been demonstrated in a broad population
of patients presenting with shock.
Central pulses should be palpated upon arrival
if the patient’s blood pressure is unknown. Patients
should be immediately placed on a cardiac monitor, and an automated blood pressure cuff should
be used to frequently monitor their mean arterial
pressure. Intravenous access should be obtained,
preferably with 2 large-bore intravenous lines. Occasionally, patients in shock will require an urgent
central venous line placement for vascular access to
deliver medications or for volume resuscitation. Intraosseous line placement is a fast and viable central
circulation access option in patients with difficult
intravenous access. A 12-lead electrocardiogram
may help identify the etiology of shock; in addition
to demonstrating evidence of myocardial infarction,
electrocardiogram can determine the location of the
infarction and alert emergency clinicians to potential
associated complications.23

Physical Examination

As with a secondary survey in trauma patients,
patients in shock should be rapidly, yet thoroughly,
evaluated from head to toe. Emphasis should be
placed on evaluating distal perfusion, gathering data
regarding the type of shock, and narrowing the differential diagnosis for specific underlying etiologies.
Cool extremities, indicating peripheral vasoconstriction, may be helpful in differentiating cardiogenic
from vasodilatory shock in which warm extremities
and bounding pulses may be present.23 A study
evaluating specific physical examination findings to
evaluate causes of shock in 68 patients found that
capillary refill and skin temperature had a sensitivity
of 89% and specificity of 68% for diagnosing distributive shock.24
Not all patients in shock will present with
alterations that are immediately recognized during
primary or secondary surveys. Patients may present with compensated shock with a normal physical examination and normal blood pressures.25,26
Additionally, patients may have atypical presentations due to contributions from medications (betablockers) and/or underlying medical conditions. A
2013 prospective observational study of patients in
septic shock presenting to the ED found that patients with classic signs of shock (eg, altered mental
status, respiratory distress, and hypotension) were
more likely to receive resuscitation bundles and
early antibiotics compared to patients with only a
biochemical diagnosis of septic shock (eg, elevated
lactate).27 Although this study was underpowered to
detect a mortality difference, it emphasized the need
to maintain vigilance for occult shock.
Determining the intravascular volume status
of patients in shock is critical, as appreciating the
volume status aids in categorizing shock and informs
early treatment decisions.24 However, assessing
volume status may be quite challenging, particularly
early in a patient’s presentation. Traditional markers
of hypovolemia include tachycardia or hypotension,
although supine hypotension and tachycardia are insensitive.28,29 Orthostatic vital signs have been found
to be reliable only with a large-volume blood loss.28 A
meta-analysis of 10 studies of healthy volunteers who
were phlebotomized demonstrated that an increase in
pulse rate of ≥ 30 beats/min had a sensitivity of 97%
and specificity of 98% in patients with large blood
loss (630-1150 mL), but a sensitivity of only 22% in
patients with moderate blood loss (450-630 mL).28 A
decrease in systolic blood pressure of > 20 mm Hg
was of no additional clinical value. Additionally, assessing orthostatic vital signs in critically ill patients

History

Obtaining history from patients in shock may be
difficult or impossible due to altered mental status.
Family, emergency medical service providers, or other sources may provide context. Prior medical history and medications may assist in determining the
etiology of shock; special attention should be paid to
the use of or dependence on steroids. Patients found
March 2014 • www.ebmedicine.net
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may not be practical or logistically possible.
An estimation of jugular venous pressure has
been advocated to evaluate for right atrial pressures,24 but it is often technically difficult to perform.
A study that compared jugular venous pressure
(measured by cardiologists) to right atrial pressures
(measured by a pulmonary arterial catheter) in 96
patients with significant cardiac disease found an
elevation over the clavicle to be 65% sensitive and
85% specific for identifying abnormally high right
arterial pressures.30 Whether even these marginal
results could be replicated in an ED with an undifferentiated population remains unknown.
Monitoring urine output may be a useful
adjunct to the assessment of volume status, but
requires placing a Foley catheter and longitudinal
monitoring, lessening the utility in the acute setting.

Diagnostic Studies

primarily bicarbonate, in the blood typically due to
metabolic acidosis, but it can be seen with respiratory alkalosis as well. While base deficit is associated
with hypovolemia and impaired tissue perfusion, a
base deficit does not accurately identify an elevated
serum lactate concentration or shock.37 However,
worsening base deficit is associated with increasing
morbidity. A retrospective trial of 16,305 trauma patients demonstrated that worsening base deficit was
linearly associated with worsening injury severity
score.38 Base deficit can be affected by intravenous
fluids; for example, providing a patient intravenous
sodium bicarbonate can potentially correct a base
deficit, as the serum bicarbonate level is used to calculate the base deficit.39 Given these considerations,
the base deficit may be a useful laboratory finding
when it is present (as it may alert clinicians to the
presence of a metabolic acidosis) but the absence of a
base deficit does not rule out significant pathology.

Laboratory Studies

Imaging

Initial laboratory studies for patients in shock
include complete blood count, basic serum chemistries (including renal function), and other tests
(liver function tests, lipase/amylase, cardiac biomarkers, etc) as indicated by the individual patient’s circumstances. An arterial blood gas test can
be useful to evaluate the patient’s acid/base status,
as well as oxygenation and ventilation; a venous
blood gas test can provide general information regarding a patient’s acid/base status but it does not
provide accurate information regarding oxygenation. Relevant cultures should be obtained early
in the diagnostic workup. Generally, blood cultures
are appropriate in most patients with suspected infection; urine, cerebral spinal fluid, pleural, ascitic,
and/or other fluid compartment cultures should be
sent, as clinically indicated.
Anaerobic metabolism leads to the production
of lactate. When the production of lactate overwhelms clearance mechanisms, the serum lactate
concentration will rise, making lactate a particularly
useful marker in the evaluation of patients in shock.
Elevated initial lactate levels have been found to
correlate with mortality in a variety of patient populations, including patients with sepsis and septic
shock,31 trauma, and cardiac arrest. While a lactate
of ≥ 4 mmol/L is definitely considered to be abnormally elevated,32-34 lactates levels of ≥ 2 mmol/L
have also been associated with increased mortality.32
Serial lactate levels (and, specifically, the presence or
absence of lactate clearance) have prognostic value
in patients with septic shock.35,36

Ultrasound
Given the limits of the physical examination, ultrasound is increasingly used in the ED to assess the
volume status of patients in shock,40,41 as well as to
assist in developing differential diagnoses.
Several ultrasound methods have been proposed to determine whether right-sided filling
pressures are elevated, normal, or decreased,
including measuring the end-expiratory inferior
vena cava diameter,42 inferior vena cava respiratory variation, internal jugular vein diameter,43
or right ventricle diameter.44 Although all measures have shown promise in some studies, they
have been inconsistent.45-47 One study compared
maximal inferior vena cava diameter, inferior vena
cava inspiratory collapse, and the ratio of internal
jugular vein height to width and found that maximal inferior vena cava diameter was better able to
differentiate a central venous pressure < 10 mm Hg
from a central venous pressure > 10 mm Hg versus
the other 2 measures.46 (See the section, “Goals Of
Fluid Resuscitation” on page 8 for a discussion of
the limitations of central venous pressure as a measure of volume status.) Another recent study of patients with clinical evidence of hypovolemia found
that all inferior vena cava indices were significantly
lower than euvolemic control patients, and that
these indices increased with fluid challenge.40
Emergency clinicians may use bedside cardiac
ultrasound to assess whether the left ventricle ejection fraction is normal, increased, or depressed,
which can assist with determining the etiology of
shock.48-50 A key study published in 2002 found that
among emergency clinicians trained in focused bedside cardiac ultrasound, the correlation coefficient
between emergency clinicians’ and cardiologists’
estimations of ejection fraction (Pearson r = 0.86)

Base Deficit
In addition to lactate concentration, the base deficit
warrants specific mention. Base deficit refers to a
decrease in the concentration of basic molecules,
Emergency Medicine Practice © 2014
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was similar to the correlation of the ejection fraction
estimations between 2 different cardiologists reviewing the same cardiac ultrasounds.51 The main limitation of this tool is the additional training required
for emergency clinicians.
Ultrasound may also be used to assess for abdominal aortic aneurysm (AAA). Although leaking
or ruptured AAAs are often retroperitoneal (so free
fluid is not seen on ultrasound), identifying an AAA
can inform whether further evaluation is warranted
to determine if it is a possible source of shock. A
recent systematic review of 7 studies of ultrasound
assessment for AAA in the ED found that the sensitivity of ED ultrasound for AAA was 99%, with a
specificity of 98%.52
Protocols for focused ultrasound evaluations for
nontrauma hypotensive patients have been proposed, such as the Abdominal and Cardiac Evaluation with Sonography in Shock (ACES) protocol.53
Another point-of-care multiorgan ultrasound
protocol studied 108 patients with undifferentiated
hypotension. Ultrasound views looked at cardiac
function, inferior vena cava diameter and collapsibility, pulmonary congestion, consolidations and
sliding, abdominal free fluid and AAA, and leg vein
thrombosis, and found good concordance between
ultrasound diagnoses and final diagnoses, with
almost perfect concordance once 13 cases with an
ultimately unclear diagnosis were excluded.44
While ultrasound shows great promise in
evaluating patients in shock, the literature suffers
from inconsistent techniques and definitions, making comparison among studies difficult. Additionally, a major limitation of many studies is that they
rely on healthy volunteers, which is a very different
population from undifferentiated critically ill ED
patients. While ultrasound will likely have an increasingly important role in assessing shock, as the
best techniques and evidence-based use are delineated, for now, ultrasound should be considered a
diagnostic adjunct to be used and interpreted with
other clinical data.

ogy from various infections, vascular processes,
or trauma. While CT imaging can be performed
relatively rapidly, patients must travel from the
ED to the CT scanner, which may be hazardous for
unstable patients in shock. The potential benefits
of CT, including diagnosing the etiology of shock
and facilitating attempts at source control, must
be weighed against possible risks associated with
travel. Since ultrasound is increasingly prevalent in
the ED as a point-of-care radiographic tool, it may be
a reasonable strategy to use it as a first-line radiographic assessment, followed by CT if ultrasound is
unrevealing, acknowledging that it is less accurate
than CT imaging.55,56 Ultimately, these recommendations must be modified to the clinical setting, as
the decision to pursue CT and the prioritization and
urgency of these studies will be directly informed by
the facility and the patient’s clinical circumstances.

Echocardiography

Formal echocardiography may be useful in patients
for whom cardiogenic shock is suspected, and
who are not taken immediately to the catheterization laboratory,57,58 or for patients with suspicion
for aortic dissection59 or pulmonary embolism.60,61
However, due to the time delays typically associated
with formal echocardiography, it is generally not a
component of the front-line evaluation of patients in
shock presenting to the ED.

Other Diagnostics

Further diagnostic studies may also be indicated
based on a patient's presentation. For example, lumbar puncture is indicated in patients with suspected
meningitis after antibiotics have been administered;
diagnostic paracentesis is indicated for patients
with suspected spontaneous bacterial peritonitis;
and magnetic resonance imaging is appropriate for
suspected epidural abscesses.

Treatment
Cardiovascular Monitoring

Chest X-Ray
Chest x-ray can assist in diagnosis of the etiology of
shock. Special attention is paid to the heart size, presence of edema, infiltrates or effusions, and free air.23
While a chest x-ray can provide useful clinical data,
it has limitations. For example, the absence of congestion on an initial chest x-ray does not exclude the
diagnosis of acute decompensated heart failure.23,54
Furthermore, anteroposterior chest x-rays are particularly limited in that the posterior lungs are poorly
visualized compared to posterior-anterior films.

Patients presenting with shock or suspected shock
should immediately be placed on a noninvasive cardiac monitor with an automated noninvasive blood
pressure cuff. Further interventions and monitoring
will depend on the patient’s clinical circumstances.

Fluid Resuscitation

Although the details of treatment largely depend
on the suspected etiology and the classification of
shock, aggressive resuscitation begins while data are
collected and a differential is formulated. In many
cases of shock, fluid resuscitation is the primary
treatment to increase perfusion and oxygen delivery.
Early, aggressive resuscitation of critically ill patients
may reverse tissue hypoxia and improve outcomes,

Computed Tomography
Computed tomography (CT) is a generally accurate
and noninvasive means of detecting internal patholMarch 2014 • www.ebmedicine.net
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while uncorrected hypovolemia may lead to worsening organ failure.62 However, overzealous fluid
resuscitation has been associated with increased
morbidity and mortality in critically ill patients.62-64

from a horizontal to vertical position uses gravity to
transfer pooled lower extremity blood to the thorax,
thereby increasing cardiac preload by means of an
“autotransfusion.”62 The passive leg raise should be
used with a monitor of cardiac output to assess the
volume responsiveness.
Noninvasive cardiac monitors have been used
in the ED to measure cardiac output, though they
have yet to be proven to change measured clinical
outcomes. (See the section, "Controversies And Cutting Edge," on page 15.) A recent meta-analysis of 8
studies found that passive leg raise predicted fluid responsiveness as measured by an increase in descending aortic blood flow. The assessment was performed
by transesophageal Doppler imaging in critically ill
patients with a global area under the receiver operating characteristic curve of 0.95, indicating excellent
sensitivity and specificity of these maneuvers in realtime clinical practice in the ED.62
For intubated mechanically ventilated patients in
the ED, another measure of volume responsiveness is
the pulse-pressure variation (the difference between
systolic and diastolic pressures). For mechanically
ventilated patients, end-expiratory intrathoracic pressures will be lower than end-inspiratory pressures,
such that preload will be higher at end-expiration as
compared to inspiration. Changes in preload during
the respiratory cycle affect cardiac output and pulse
pressure more in patients who are preload-dependent. Therefore, preload-dependent patients will have
a wider pulse pressure variation from end-expiration
to inspiration. Clinically, the absence of pulse pressure variation is useful as it indicates that a patient
is unlikely to be volume-responsive. Although the
precise number is uncertain, wide variation in the
pulse pressure (generally > 13%) has been found to be
a marker of volume responsiveness when compared
to invasive means of monitoring stroke volume or
cardiac index.67 However, a major limitation in measuring pulse pressure variation is that not all patients
in shock in the ED will be mechanically ventilated or
have an arterial line.

Goals Of Fluid Resuscitation
The goal of fluid resuscitation is to improve myocardial performance by restoring preload, and thereby
increasing stroke volume and cardiac output. By the
Frank-Starling principle, as preload increases, stroke
volume increases if the patient is on the ascending
limb of the Frank-Starling curve. Once the optimal
preload is achieved, further fluid administration
will not increase stroke volume and may even be
harmful.65 Patients with cardiogenic shock may not
respond to fluid challenges due to already-elevated
end-diastolic pressures and the flat Frank-Starling
curve of the failing heart.19 Conversely, patients in
distributive shock may also not respond, due to high
venous capacitance and low arteriolar tone.
Central venous pressure has commonly been
used to guide fluid management, based on an
assumption that central venous pressure is an
adequate indicator of right ventricle preload, and
that patients with low central venous pressures
are volume-depleted, while patients with elevated
central venous pressures are volume-overloaded. In
2001, Rivers et al published the seminal trial of early
goal-directed therapy (EGDT) for septic shock.33 In
their protocol, central venous pressure is a major
resuscitation target, with a goal of 8 cm to 12 cm
water. Since this trial, central venous pressure has
been a recommended target, and was recently endorsed again by the Surviving Sepsis Campaign in
the 2012 guidelines update.66 Those in favor of measuring central venous pressure argue that not only
does its initial measurement assist in developing a
differential diagnosis, but continued central venous
pressure measurements allow for assessment of
responsiveness to fluid therapy. However, due to
the complex physiology of critically ill patients, the
correlation between the central venous pressure and
right ventricle end-diastolic volume is poor. Furthermore, right ventricle end-diastolic volumes may
not reflect a patient’s position on the Frank-Starling
curve and preload reserve.62 Numerous studies
have demonstrated that, in various clinical settings,
no relationship between the central venous pressure
(or change in central venous pressure) and fluid
responsiveness.62,67
“Fluid-responsiveness” is a term used to describe
the clinical probability that a patient will respond to
volume resuscitation. This is achieved through increased stroke volume and cardiac output.62 Only approximately 50% of hypotensive patients are volumeresponsive.68 Passive leg raise has been advocated
as a rapid, noninvasive, and easily reversible tool to
assess volume responsiveness. Lifting a patient’s legs
Emergency Medicine Practice © 2014

Fluid Selection
Crystalloid is typically indicated for the initial treatment of undifferentiated shock, although there is
an emerging body of evidence that this may not be
the best selection for trauma patients or patients
with traumatic hemorrhagic shock. (See the “Special
Circumstances” section on page 12.)
Evidence has not supported the use of colloids
in acute resuscitation, as there has been no evidence
of improved outcomes with its use.69 A trial of nearly 7000 critically ill patients randomized to receive
resuscitation with either 4% albumin or normal saline found no difference in organ failure or death.70
While the Surviving Sepsis Campaign guidelines
continue to recommend consideration of albumin for
8
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patients with sepsis receiving large-volume resuscitation,66 a recent Cochrane Review emphasized that
there is no evidence to support this practice.69
In a randomized controlled trial in which 804
patients with severe sepsis were randomized to
receive hydroxyethyl starch 6% versus crystalloid,
22% of patients in the hydroxyethyl starch group
required renal-replacement therapy as compared
to 16% of patients in the crystalloid group (P = .04);
51% of patients who received hydroxyethyl starch
died versus 43% who received crystalloid (P = .03).71
These data, which are consistent with observational
studies and animal models, confirm that hydroxyethyl starch should not be used for volume resuscitation in patients in shock, especially septic shock.

Additionally, increased ScvO2 may indicate poor
oxygen uptake by tissues, either due to microcirculatory or mitochondrial failure. In a secondary
analysis of 4 prospective studies of 619 patients
treated per the EGDT protocol, initial ScvO2 values
of 90% to 100% were associated with worse inhospital mortality than those with values 71% to 89%, or
normoxia. In evaluating the maximum ScvO2 in the
first 6 hours of resuscitation, patients with hypoxic
or hyperoxic ScvO2 values had increased mortality
compared to patients with normoxic values.73
While there are no prospective randomized trials demonstrating a unique causal relationship between central venous line placement and improved
clinical outcomes, a retrospective study from 1998
to 2009 of over 200,000 patients demonstrated an
association with improved mortality for patients
with septic shock who received a central venous
line early in their hospital course.74 Of note, the
incidence of central venous line use in this population was quite low, with only 5.7% of patients in
1998 and 19.2% of patients in 2009 receiving a central venous line within 24 hours of presentation.75
These results indicate that early central venous
line placement correlates with improved mortality in septic shock; however, causation cannot be
confirmed from a retrospective study, as other
interventions beyond early central line placement
that have been introduced in the care of critically ill
patients between 1998 and 2009 (such as early antibiotics, goal-directed volume resuscitation, and/
or low tidal volume ventilation) could have also
influenced these results.

Central Venous Lines

Some patients who present in shock will require
urgent central venous line placement to deliver
medications or facilitate volume resuscitation. While
there are no absolute or universally accepted criteria
mandating central venous line placement, commonly
accepted indications include: (1) the need to provide
vasopressors or other centrally administered medications, (2) to measure central venous pressure or
central venous oxygen saturation (ScvO2), or (3) in
cases of inadequate peripheral venous access. If possible, central access above the diaphragm is preferable
in order to more accurately measure central venous
pressure.18,72 Although central venous pressure does
not reliably reflect volume responsiveness and is not
an evidence-based volume target, it may still assist in
determining a patient’s specific type of shock. Decreased central venous pressure may indicate insufficient venous return and is typical of hypovolemic or
distributive shock. Elevated central venous pressure
suggests cardiogenic shock or obstructive shock.
ScvO2 can be obtained via a central venous line.
A ScvO2 < 70% indicates that the oxygen delivery is
inadequate to meet the oxygen uptake in the tissues, either due to decreased cardiac output or low
hemoglobin, or due to increased oxygen demand
in peripheral tissues. (See Equation 1, page 2; and
Equation 4.)
Equation 4 demonstrates that a decrease in
ScvO2 can be explained by any one or any combination of the following pathophysiologic mechanisms:
(1) a decrease in arterial oxygen saturation (SaO2),
(2) a decrease in cardiac output, (3) a decrease in the
hemoglobin concentration, and/or (4) an increase in
systemic oxygen consumption (VO2).

Arterial Lines
While recommended for the management of patients
in shock, there are no prospective data indicating
substantive differences in outcomes for patients
treated with or without an arterial line. However,
most clinicians prefer the close monitoring of both
intra-arterial blood pressure monitoring and arterial
blood gases in patients in shock. Emergency clinicians should be mindful of the limitations regarding interpreting arterial lines, particularly as they
pertain to waveforms and physiologic phenomenon
such as dampening or whip. As noted previously,
an arterial line can be used to assess pulse pressure
variation, which is a marker of volume responsiveness in hypotensive patients.67
Pulmonary Artery Catheters
Although pulmonary artery catheters have been
used for decades in the intensive care unit for
invasive hemodynamic monitoring, their utility is
debatable, as there have been no studies showing
improved outcomes with their use. Furthermore, in
a prospective randomized trial of 676 medical intensive care unit patients, pulmonary artery catheters
demonstrated no advantage over standard central

Equation 4
ScvO2 = SaO2 - (VO2 / (CO x [hemoglobin] x 1.38)
Abbreviations: CO, cardiac output; ScvO2, central
venous oxygen saturation; VO2, systemic oxygen
consumption.
March 2014 • www.ebmedicine.net
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Clinical Pathway For Diagnosing And Managing Shock

• Assess for immediate life-threatening circumstances: airway, breathing, circulation
• Place on cardiac monitor, pulse oximeter,
obtain appropriate IV access.
• Consider central access (Class II)
• Maintain vigilance for occult shock

Develop differential diagnosis for
etiology of shock, considering 4 types
of shock: hypovolemic, distributive,
cardiogenic, and obstructive

Conduct focused history and physical
examination, to evaluate for both the type of
shock and underlying etiology

YES

•
•
•
•
•

Type and etiology clear?

Evaluate volume status and preload (Class II)
Physical examination (Indeterminate)
Ultrasound (Class II)
Passive leg raise (Class II)
Noninvasive cardiac output monitors (Class III)

NO

Continue resuscitation and initiate appropriate targeted therapies
(Class II)

NO

Type and etiology clear?
YES

Further diagnostics
• Laboratory tests including CBC, chemistries, liver function tests, troponin, ABG/VBG, lactate (Class II), central venous oxygen (Class II)
• Imaging with chest x-ray, CT scan

NO

Type and etiology clear?

NO

YES

Continue resuscitation, reassess clinically
Abbreviations: ABG, arterial blood gas; CBC, complete blood count; CT, computed tomography; IV, intravenous; VBG, venous blood gas.
For class of evidence definitions, see page 11.
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venous lines with regard to mortality and multiorgan failure.75 There is no evidence supporting the
use of pulmonary artery catheters in the immediate
initial assessment of patients in shock in the ED.

treatment for patients with severe sepsis or septic
shock.35,36,76,78 One prospective study of 111 sequentially enrolled patients with sepsis presenting to
the ED demonstrated that a decrease in lactate over
the first 6 hours of treatment was associated with
decreased mortality; specifically, mortality decreased
by 11% for each 10% increase in lactate clearance.35
Another randomized trial compared the monitoring
with either ScvO2 or lactate clearance of 300 patients
presenting to the ED with severe sepsis or septic
shock.79 Lactate clearance of ≥ 10% was noninferior
to achieving a ScvO2 of at least 70% with regard to
mortality.79 These studies and others indicate that
monitoring lactate clearance in the first 6 hours
of treatment can provide information regarding
response to initial treatments, as well as indicate the
need for further interventions, including more aggressive volume resuscitation.31,36,80
Ultrasound can demonstrate increased inferior
vena cava diameter as a marker of adequate volume
resuscitation, although it does not correlate with
patients’ overall systemic response to treatment.81
As such, inferior vena cava diameter is only one
indication of response to treatment, as it specifically
demonstrates a response to volume resuscitation,
and it must be taken in the context of the entirety of
a patient’s clinical and laboratory data.

Vasopressors

Once a patient is determined to be euvolemic, but
there is still ineffective oxygen delivery, vasoactive
medications are likely required. Various vasopressor medications may be used to support the mean
arterial pressure by increasing systemic vascular
resistance and/or cardiac output. While an in-depth
discussion of vasopressors is beyond the scope of
this review, norepinephrine is a strong alpha agonist
with some beta-1 activity, and it is a recommended
initial choice for most categories of shock, particularly when the etiology of shock is unknown.76
Emerging data indicate that dopamine is associated with increased morbidity and potential
mortality as compared to other first-line pressors.
Specifically, a multicenter prospective trial of 1679
patients presenting with shock randomized patients
to receive either dopamine or norepinephrine as
the initial vasopressor.76 There was no difference in
mortality between patients receiving dopamine or
norepinephrine, but patients receiving dopamine
had a statistically significant higher incidence of arrhythmias.76 Furthermore, a meta-analysis of 11 trials demonstrated a statistically significant increased
risk of death associated with dopamine.77 These
results indicate that dopamine should not be used
as a first-line pressor for patients in shock, including
patients presenting with cardiogenic shock.

Deterioration
Even with early recognition, prompt resuscitation,
and empiric treatment of shock, all patients presenting in shock are at risk for clinical worsening. Close
monitoring is necessary to determine whether a
patient is responding appropriately to treatment.
Patients in shock may have progressive, refractory vital sign abnormalities, usually manifested as
progressive or refractory hypotension. While hypotension is not always present early in the presentation, it is almost always present in patients with
progressive pathophysiology. A decreased mean
arterial pressure despite targeted treatment indicates
clinical deterioration.

Clinical Course In The Emergency
Department

If shock is identified early in the patient’s presentation and prompt, focused, and appropriate care is
provided, the patient’s cardiovascular pathophysiology may improve and delivery of oxygenated
blood to peripheral tissues may be restored. Lactate
clearance can be helpful in determining response to

Class Of Evidence Definitions
Each action in the clinical pathways section of Emergency Medicine Practice receives a score based on the following definitions.
Class I
Class II
• Always acceptable, safe
• Safe, acceptable
• Definitely useful
• Probably useful
• Proven in both efficacy and effectiveness
Level of Evidence:
Level of Evidence:
• Generally higher levels of evidence
• One or more large prospective studies
• Nonrandomized or retrospective studies:
are present (with rare exceptions)
historic, cohort, or case control studies
• High-quality meta-analyses
• Less robust randomized controlled trials
• Study results consistently positive and
• Results consistently positive
compelling

Class III
• May be acceptable
• Possibly useful
• Considered optional or alternative treatments

Level of Evidence:
• Generally lower or intermediate levels
of evidence
• Case series, animal studies,
consensus panels
• Occasionally positive results

Indeterminate
• Continuing area of research
• No recommendations until further
research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradictory
• Results not compelling

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual
needs. Failure to comply with this pathway does not represent a breach of the standard of care.
Copyright © 2014 EB Medicine. 1-800-249-5770. No part of this publication may be reproduced in any format without written consent of EB Medicine.
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While specific clinical signs in refractory shock
will depend on the underlying etiology(ies), general
clinical considerations overlap all forms. Just as the
assessment of airway and breathing is the first step in
evaluating patients in shock, continued reassessment
is critical. The progression of shock typically causes
worsening metabolic acidosis, and patients may not
be able to maintain adequate ventilation, particularly given impaired respiratory muscle function
due to decreased delivery of oxygen, and decreased
respiratory drive due to impaired cerebral perfusion. Additionally, patients may develop pulmonary
edema from volume resuscitation, especially if further
intravascular volume is given after they are no longer
volume-responsive. Consequently, intubation and
initiation of mechanical ventilation may be necessary
for patients with progressive shock.
The intubation of a critically ill patient is a highrisk procedure, in that hypotensive and acidemic
patients are at a higher risk of suffering acute hemodynamic collapse with endotracheal tube placement.
This can occur due to vasodilation from induction
medications, increased vagal tone from hypopharyngeal stimulation, and decreased right ventricle
preload from positive-pressure ventilation. Ensuring
that vasopressors are placed on pumps and in-line
with intravenous fluids as well as providing empiric
volume resuscitation peri-intubation may minimize
the hemodynamic effects of intubation.
Patients who deteriorate despite initial resuscitation will likely require higher-level hemodynamic
monitoring. Specifically, if a central venous line has
not been placed, it is generally indicated for patients
with progressive shock. Similarly, while studies have
not demonstrated changes in clinical outcome attributable to arterial lines, they have been shown to be
more precise in measuring mean arterial pressures in
patients with hypotension.82 Therefore, arterial line
placement is appropriate for patients with progressive shock. There is no role for pulmonary artery
catheter placement for most patients with shock, and
the utility of noninvasive hemodynamic monitors
is uncertain. (See the “Controversies And Cutting
Edge” section on page 15.)

the decrease in systemic vascular resistance is more
profound than the increase in cardiac output, and
the net result is, typically, a modest reduction in
mean arterial pressure of 5 mm Hg to 10 mm Hg
from normal, prepregnancy levels. In this context,
hemodynamic changes in a pregnant woman must
be differentiated between normal physiologic responses versus pathologic processes.
Shock during pregnancy may be due to processes unrelated to pregnancy, such as the abovedescribed obstructive, distributive, cardiogenic, and
hypovolemic categories of shock. However, circulatory collapse may occur as a result of complications
of pregnancy itself. Pregnancy-related complications
that cause shock can be divided into either early or
late complications.
The most common early complication is ectopic
pregnancy with hemorrhage, resulting in hypovolemic shock. Emergency clinicians should have a high
index of suspicion for ectopic pregnancy in women
of child-bearing age presenting with abdominal pain
and shock.
Late complications of pregnancy that may result
in shock include peripartum pathologies such as
pulmonary embolism,83 amniotic fluid emboli,84
uterine inversion or rupture,85 postpartum hemorrhage, postpartum cardiomyopathy, and septic
shock. Amniotic fluid embolism is thought to occur due to communication between placental and
systemic veins or tears in the cervix or uterus in the
setting of ruptured or damaged membranes. The
precise mechanisms by which amniotic fluid causes
systemic effects is unclear, but general consensus
favors an anaphylactoid response in which amniotic fluid activates innate immunogenic responses,
resulting in circulatory collapse and multiorgan
system failure.84
Given the complex physiology of pregnancy and
the potential for additional disease processes that
can result in shock, a comprehensive clinical approach is warranted to assess for complications both
related and unrelated to pregnancy.

Traumatic Shock

The most common mechanism of shock following
trauma is hypovolemia due to hemorrhage. The
most important treatment for hemorrhagic shock
is achieving hemostasis, also known as “source
control.” Resuscitation with medical interventions,
such as transfusing blood products, is temporizing.
As it takes time to mobilize resources to achieve
hemostasis, a cogent approach to initial resuscitation
is necessary.
In patients with trauma, there is compelling
evidence suggesting that aggressive crystalloid
resuscitation is associated with increased incidence
of abdominal compartment syndrome, acute respiratory distress syndrome, nosocomial infections,

Special Circumstances
Shock In Pregnancy

Pregnancy causes several maternal systemic and
physiologic changes, including increased circulatory blood volume, decreased systemic vascular
resistance, and increased cardiac output due to
increases in both heart rate and stroke volume.
The physiologic changes in pregnancy progress
throughout gestation and are most prominent in
the third trimester. Cardiac output can increase dramatically in normal pregnant women, increasing to
up to 9 L/min immediately prepartum; however,
Emergency Medicine Practice © 2014
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istration of packed red blood cells and crystalloid,
with delay in administering fresh-frozen plasma,
can further decrease serum concentrations of coagulation factors.101 A massive transfusion protocol
will ensure that a reasonable ratio of fresh-frozen
plasma and packed red blood cells and platelets are
delivered to and transfused into the patient. While
the precise ratio of fresh-frozen plasma to packed
red blood cells that optimizes clinical outcomes is
unknown, studies have demonstrated that a ratio
of at least 1 unit of fresh-frozen plasma to 2 units
of packed red blood cells is desirable.90,102,103 For
a more detailed discussion on management of
hemorrhagic shock, see the November 2011 issue
of Emergency Medicine Practice, "Traumatic Hemorrhagic Shock: Advances In Fluid Management."
In addition to hypovolemic shock from hemorrhage, trauma patients are subject to all categories of
shock, outlined in Table 3.

and death.86-89 Although some authorities advocate
hypotensive resuscitation (goal systolic blood pressures of 80 mm Hg prior to definitive care19,90-92) for
hypotensive penetrating trauma patients without
traumatic brain injury, data are conflicting and are
primarily derived from animal studies,93,94 with
only 2 human prospective randomized controlled
trials.95,96 At this time, while hypotensive resuscitation may be a reasonable approach to patients with
ongoing hemorrhage, definitive recommendations
on optimal fluid resuscitation in these patients will
require more data. Of note, hypotension in traumatic
brain injury is associated with worse outcomes, and
if traumatic brain injury is suspected, hypotension
should always be avoided.97
When clinically indicated, resuscitation with
blood products (as opposed to crystalloid) is appropriate for management of hemorrhagic shock due
to trauma. If emergency clinicians anticipate transfusing a significant volume of blood, a massive
transfusion protocol may result in improved clinical outcomes.98-100 A massive transfusion protocol
facilitates communication between the blood bank
and the ED and results in efficient, ordered delivery
of blood products. Coagulation factors can be rapidly diluted in patients with hemorrhage. Admin-

Septic Shock

In 2001, Rivers et al published a randomized controlled trial of an EGDT protocol for patients with
sepsis.33 This study of 263 patients with sepsis
demonstrated an inhospital mortality of 30.5% in the
EGDT group compared with 46.5% in the standard
therapy group (P = .009). The goal of the protocol is
to restore oxygen delivery to balance oxygen demand. The steps of the protocol are detailed in Table
4. There remains uncertainty among some clinicians
regarding the clinical relevancy of this protocol
overall and with regard to the relevant contribution of each individual component of the protocol.
Several ongoing multicenter trials should provide
more guidance regarding which aspects of the EGDT
protocol are beneficial in clinical practice.
In addition to early volume resuscitation and
initiation of vasopressors as clinically indicted, there

Table 3. Causes Of Shock In The Trauma
Patient
Category/Causes of Shock

Diagnostic Tools

Hypovolemic
• Hemorrhage
• Hemothorax, hemoperitoneum, long-bone fracture, pelvic
fracture, retroperitoneal bleed

Physical examination
• Bilateral breath sounds, abdominal examination, pelvic
stability, extremity and back
examinations
FAST examination
Imaging as indicated and tolerated

Distributive
• Neurogenic shock
• Fat emboli syndrome
• SIRS due to hemorrhage

Physical examination
• Extremity strength, spine
step-offs, rectal tone
• Long bone or pelvic deformities

Cardiogenic
• Cardiac contusion

Bedside cardiac ultrasound
ECG
Troponin

1.

Obstructive
• Tension pneumothorax
• Cardiac tamponade
• Traumatic diaphragmatic
hernia

Physical examination
• Bilateral breath sounds, heart
sounds
Thoracic ultrasound for lung
sliding
FAST examination

2.
3.

Table 4. Early Goal-Directed Therapy
Protocol For Patients With Severe Sepsis
And Septic Shock33

4.
5.
6.

Note: Medical conditions may precipitate trauma.

begin dobutamine (starting at 2.5 mcg/kg).

Abbreviations: pRBCs, packed red blood cells; SBP, systolic blood
pressure; ScvO2, central venous oxygen saturation; SIRS, systemic
inflammatory response syndrome.

Abbreviations: ECG, electrocardiogram; SIRS, systemic inflammatory
response syndrome; FAST, focused assessment with sonography for
trauma.
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Identify patients with SIRS criteria and SBP < 90 mm Hg or
lactate ≥ 4 mmol/L despite a crystalloid fluid challenge of 20 to
30 mL/kg over a 30-minute period.
Place central venous catheter.
Provide 500 mL of crystalloid boluses every 30 minutes until the
central venous pressure is 8-12 mm Hg.
If mean arterial pressure is < 65 mm Hg, begin vasopressors.
If ScvO2 is < 70%, then transfuse pRBCs to achieve a hematocrit
of 30%.
If ScvO2 is still < 70% after achieving a hematocrit of 30%, then
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is broad consensus that early administration of
broad-spectrum antibiotics is warranted for patients
presenting with septic shock. The studies supporting this clinical practice are retrospective; there are
no randomized controlled trials assessing the timing
of antibiotics in sepsis or septic shock.104,105 Nonetheless, because the available retrospective studies
indicate that early administration of antibiotics is
associated with improved clinical outcomes,104,105
including decreased mortality, current consensus
guidelines strongly endorse immediately administering antibiotics when sepsis is considered as a
diagnosis in patients in shock.106
Early and appropriately broad antibiotic administration should parallel clinical evaluation for the
source of the patient’s infection. Whenever possible,
source control should be achieved. Specific examples
of source control include prompt removal of an
infected indwelling catheter, abscess drainage, or
treatment of an obstruction (eg, removal of a ureteral kidney stone or extraction of a gallstone in the
common bile duct). Without source control, antibiotics may be insufficient, and patients will clinically
deteriorate due to persistent systemic inflammation
and progressive shock.
In 2004, the first set of Surviving Sepsis Campaign guidelines were published, with subsequent
updates in 2008106 and 2012.66 The Surviving Sepsis
Campaign has published the Surviving Sepsis Care
Bundle, which encompasses a core set of clinical
practices and interventions that should be performed
simultaneously within a set time frame for a patient
presenting with suspected sepsis or septic shock.
The Surviving Sepsis Campaign 2012 sepsis bundles
advise that within the first 3 hours patients have a
lactate level checked, blood cultures drawn prior to
antibiotics, broad-spectrum antibiotics given, and 30
mL/kg of crystalloid given for hypotension or lactate
≥ 4 mmol/L. Within 6 hours, vasopressors should
be started for hypotension that does not respond to
fluid resuscitation to maintain a mean arterial pressure ≥ 65 mm Hg. In the event of persistent hypotension despite volume resuscitation or initial lactate ≥
4 mmol/L, measure central venous pressure with a
goal of ≥ 8 mm Hg, check ScvO2 for a goal of ≥ 70%,
and remeasure lactate if initial lactate was elevated,
with a goal of normalization.66

pathophysiology), and a vascular leak results in
extravasation of intravascular fluid and decreased
preload (hypovolemic pathophysiology.)
Volume resuscitation is appropriate in anaphylactic shock, but the mainstay of treatment is rapid
administration of epinephrine. Epinephrine should
be administered immediately if anaphylaxis is
suspected. Epinephrine should be given intramuscularly if intravenous access is not available; treatment
should not be delayed by attempting to place an intravenous line. The standard intramuscular dose of
epinephrine is 0.3 mg to 0.5 mg in a 1:1000 dilution,
and dosing may be repeated every 3 to 5 minutes as
clinically indicated.
Histamine receptor antagonists (H1 and H2
blockers) and glucocorticoids are also recommended
for patients with anaphylactic shock, although there
are no studies demonstrating the clinical effects of
these interventions.108 In the absence of data guiding
clinical practice, however, consensus recommendations endorse their use for anaphylaxis and anaphylactic shock.109

Cardiogenic Shock Due To Myocardial
Infarction

While cardiogenic shock can result from a variety of
pathophysiologic processes that affect either stroke
volume or heart rate, the most common cause of
cardiogenic shock is myocardial infarction. Early recognition of acute coronary syndromes and myocardial infarction is critical, as delaying treatment and
revascularization can result in significantly increased
morbidity and mortality. In addition to aspirin and a
continuous infusion of heparin, mobilization of the
resources and personnel to achieve revascularization is critical. The seminal Should We Emergently
Revascularize Occluded Coronaries for Cardiogenic
Shock (SHOCK) trial demonstrated that early revascularization of patients presenting with cardiogenic
shock due to myocardial infarction resulted in a
statistically significant decrease in mortality at 6
months.110 When possible, percutaneous coronary
intervention is preferable to fibrinolytic revascularization.111 However, if percutaneous coronary
intervention is not available within 90 minutes, then
fibrinolytic therapy is preferable to medical management without revascularization.110,112
For patients with refractory cardiogenic shock,
intra-aortic balloon pumps have historically been
used for mechanical cardiocirculatory support. Intraaortic balloon pumps are placed through a femoral
artery and inflate in the abdominal aorta during
diastole and deflate during systole. This results in
decreased left ventricle afterload and increased coronary perfusion during diastole, ideally decreasing
myocardial oxygen demand and optimizing oxygen
delivery. The utility of intra-aortic balloon pumps
has recently been questioned, as a randomized con-

Anaphylactic Shock

Anaphylaxis can result in shock due to a mixed
distributive and hypovolemic pathophysiology.
Anaphylaxis results from activation of mast cells
and basophils through immunoglobulin E binding a
specific allergen, resulting in the release of immunostimulatory and vasoactive proteins, with profound
systemic vasodilation and diffuse vascular leak.107
Vasodilation results in decreased systemic vascular
resistance and mean arterial pressure (distributive
Emergency Medicine Practice © 2014
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trolled trial of 600 patients with cardiogenic shock
due to acute myocardial infarction demonstrated no
difference in mortality between patients randomized
to intra-aortic balloon pump versus no intra-aortic
balloon pump.113 While intra-aortic balloon pumps
may still provide benefit for selected patients with
cardiogenic shock, this study demonstrates that
many patients may be managed with revascularization and medical treatment alone.
Vasopressors may be necessary for hemodynamic support in patients with cardiogenic shock. Even
if the decision is made to use an intra-aortic balloon
pump, vasopressor support may be necessary to
bridge a patient until an intra-aortic balloon pump
is placed. While an in-depth discussion regarding
vasopressor and inotrope selection is beyond the
scope of this review, norepinephrine and/or dobutamine may be reasonable initial agents,113 although
specific medication choices will be informed by the
patient’s clinical circumstances. Avoidance of dopamine is recommended in cardiogenic shock given
an increased risk of tachyarrhythmias and, possibly,
mortality.76,77

retrospective ED study found that packed red blood
cell transfusion did not increase ScvO2 or improve
outcomes regarding organ failure.120
Nonetheless, the EGDT trial did result in improved mortality in patients in septic shock with
a 16% absolute risk reduction, and the protocol continues to receive much support.66,121-123 The EGDT
trial remains the only completed randomized
controlled trial of a resuscitation protocol/bundle
in septic shock. Rivers et al noted that, historically,
the mortality rate of septic shock was > 50%, and
even the control arm in his study was treated with
aggressive interventions that were beyond the
standard of care at the time of the study.123 However, a key difference between the groups was that
while they received the same amount of total fluid,
the treatment group received more fluid within the
first 6 hours, whereas the conventional treatment
arm received fluids later in their course.33,123 Early,
aggressive, and multimodal bundled resuscitative
interventions likely prevent the progression of septic shock and improves outcomes.124
Three large randomized trials, The Australian
Resuscitation in Sepsis Evaluation (ARISE), the Protocolized Care for Early Septic Shock in the United
States (ProCESS), and the Protocolised Management in Sepsis in the United Kingdom (ProMISe),
were completed in December 2013. Data from these
multicenter studies will provide valuable information regarding the evolution of the role for EGDT
and bundled care for patients with severe sepsis and
septic shock.116

Controversies And Cutting Edge
Early Goal-Directed Therapy

Despite the significant mortality difference in
the EGDT trial,33 the study and the details of the
protocol have come into question over the last
decade. Methodological criticisms range from the
relatively small sample size, the high mortality in
both arms,33,114,115 the fact that it was conducted at a
single institution, and concerns about patients being
excluded after enrollment.114
Additionally, many individual components of
the protocol are not independently supported by
high-quality data. The central venous pressure goal
of 8 mm Hg to 12 mm Hg is the primary step in
EGDT, although central venous pressure has repeatedly been shown to be a poor predictor of intravascular volume and fluid responsiveness.116
Furthermore, ScvO2 is closely monitored in the
EGDT protocol, but there are no data that show that
following ScvO2 improves outcomes over following
lactate clearance,79 and ScvO2 alone does not necessarily correlate with mortality.117 As noted previously, an elevation in ScvO2 may not only reflect
improved oxygen delivery, but may also indicate
poor oxygen utilization by the tissues.73
This EGDT protocol called for blood transfusion
for persistently low ScvO2 if the patient had a hematocrit of < 30%. However, no other randomized trial
has ever demonstrated improved outcomes with
blood transfusion.118,119 As blood transfusions have
been associated with increased risk of infections, respiratory failure, and death, the optimal approach to
blood transfusion in sepsis is unknown.116 A recent
March 2014 • www.ebmedicine.net

Pulmonary Embolism

Pulmonary embolism can cause shock due to extracardiac obstruction, resulting in a precipitous drop
in cardiac output and impaired delivery of oxygen
to peripheral tissues. While the role of thrombolysis
in submassive pulmonary embolism is uncertain,125
thrombolytics are indicated for massive pulmonary embolism resulting in shock. The data for
thrombolysis in massive pulmonary embolism are
limited, however, and only very small trials have
been reported in the literature. One randomized
prospective trial of 8 patients presenting with massive pulmonary embolism and shock demonstrated
100% survival of 4 patients treated with streptokinase as compared to 0% survival in patients treated
only with heparin.126 While the risk of hemorrhage
from thrombolytic therapy is not insignificant, in the
context of limited treatment options for massive pulmonary embolism, the potential benefits of thrombolysis for patients with shock due to pulmonary
embolism probably outweigh the risks.

Noninvasive Hemodynamic Monitors

There are increasingly varied options for noninvasive hemodynamic monitoring in critically ill pa15
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tients, including patients in shock.127 Despite a variety of noninvasive hemodynamic and cardiac output
monitoring devices, however, none have been found
to improve clinical outcomes.127,128 Furthermore,
the bulk of the available literature focuses on either
validation of an individual noninvasive monitoring device with a gold standard or comparing the
accuracy of one noninvasive monitoring device
with another.127 Examples of available noninvasive
cardiac output monitoring devices include thoracic
or whole-body bioimpedance monitors to estimate
red blood cell mass changes during left ventricular systole, partial rebreathing of carbon dioxide
to calculate the Fick equation, ultrasonographic
monitoring (transthoracic or esophageal), and arterial and venous pulse oximetry/plethysmography
variation.126,128-130 While potentially promising as
noninvasive means of monitoring cardiac output
and providing information regarding the nature of a

patient’s shock, further studies with clinical outcome
data are needed to guide the use of these monitoring
devices in the diagnosis and management of patients
with shock.

Disposition
After diagnosing the type and cause(s) of shock, patients in shock who promptly respond to treatment
(including source control as clinically indicated) who
do not require continuous vasopressor infusions
or other resource-intensive interventions (such as
intubation or high-level nursing care) may be appropriate for admission to a general floor, likely with
continuous telemetry monitoring. Intensive care unit
admission may be appropriate as well, particularly
if there is uncertainty regarding the durability of the
patient’s response to initial treatment. It is unlikely

Pitfalls To Avoid In The Diagnosis And Management Of Shock
(Continued on page 17)

1.

“His blood pressure is normal. He can’t be in
shock.”
Focusing on blood pressure alone as an indicator
of shock can lead to missing signs of occult
shock. Impaired organ perfusion, as evidenced
by acute renal failure, altered mental status and/
or increased serum lactate concentration, is a
sign of shock pathophysiology and obligates
early, aggressive clinical management.

2.

“Let’s get the chest CT scan before deciding
whether to give antibiotics or not.”
Failure to give antibiotics within 1 hour of
presentation for all cases of possible septic shock
may result in increased mortality. Early empiric
antibiotic coverage is indicated for suspected
septic shock with a target of administering
(not just ordering) antibiotics within 1 hour of
presentation.

3.

“Her ejection fraction is 30%, so let’s start norepinephrine instead of giving a second liter of
fluid.”
Adequate volume resuscitation for hypovolemic
patients is critical. Markers of tissue perfusion
such as lactate clearance, ScvO2, pulse pressure
variation with passive leg raise, and ultrasonographic measures of intravascular volume are
appropriate determinants of the need for further
volume resuscitation. A history of a low ejection
fraction or other hypothetical concerns may lead
clinicians to underresuscitate hypovolemic patients and may result in inappropriate initiation
of vasopressors.
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4.

“It could be a myocardial infarction, but let’s
wait for the troponin to come back before calling cardiology.”
Time-to-revascularization is one of the primary
determinants of survival in patients with
cardiogenic shock due to acute coronary
syndromes. Delaying time to catheterization and
revascularization will increase patient morbidity
and mortality. When cardiogenic shock is
possible, early consultation with cardiology and
activation of the catheterization laboratory are
necessary to optimize patient outcomes.

5.

“Let’s give a fifth liter of saline and see if her
mean arterial pressure comes up to at least 60
mm Hg…”
Starting vasopressors without adequately
volume resuscitating a patient while following
markers of tissue perfusion and intravascular
volume status is inappropriate (see pitfall #3);
however, not recognizing that vasopressors need
to be started for patients who are not volume
responsive is also inappropriate. Patients with
a pathologically decreased systemic vascular
resistance may require vasopressors to maintain
mean arterial pressure even after volume resuscitation and normalization of intravascular volume status. Continuing to administer fluids and
not recognizing the need for vasopressors can
result in perpetuating complications of shock.
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that a patient who presents to the ED with shock
will be discharged home (acknowledging rare, individualized circumstances, such as a patient who is
on home hospice, etc.).
The majority of patients presenting with shock
will require higher-level care and admission to an
intensive care unit.

mechanisms of distributive, obstructive, hypovolemic, and cardiogenic shock are distinct, they may
result in similar initial presentations with end-organ
damage and cardiocirculatory insufficiency. Hypotension is common, but not obligatory, for the
diagnosis of shock. An initial approach to undifferentiated shock includes establishing vascular access,
empiric volume resuscitation, and comprehensive
diagnostic assessment to identify the etiology(ies)
of shock to guide subsequent focused treatment.
Adherence to evidence-based care of the specific
cause(s) of shock can optimize a patient’s chances of
surviving this life-threatening clinical condition.

Summary
Shock is a catastrophic end result of circulatory
collapse and inadequate cardiac output, characterized by end-organ hypoxemia, ischemia, and failure.
There are numerous causes of shock, which are
grouped into 4 distinct categories that are defined
by common pathophysiologic mechanisms resulting
in impaired delivery of oxygenated blood to peripheral tissues and organs. While the pathophysiologic

Case Conclusion
You rapidly determined that the patient was in shock.
Although his blood pressure was within acceptable limits,

Pitfalls To Avoid In The Diagnosis And Management Of Shock
(Continued from page 16)

6.

7.

8.

“She has a fever and hypoxemia. Her hypotension is probably due to sepsis from pneumonia.”
Failure to consider obstructive shock on the
differential diagnosis can lead to inappropriate
clinical management, such as treating a pulmonary embolism with antibiotics. Maintaining
a broad differential diagnosis and considering
obstructive pathophysiologic causes of shock,
when clinically appropriate, can lead to more
rapid diagnosis and treatment.

vascular resistance usually results in a drop
in the mean arterial pressure of 5 mm Hg to
10 mm Hg from normal prepregnancy levels.
Mean arterial pressures < 60 mm Hg, however,
should raise awareness of the possibility of
pathophysiologic processes contributing to
hypotension.
9.

“I read that a hemoglobin of 7 gm/dL is the
evidence-based transfusion trigger, so let’s
hold off on giving this hypotensive trauma
patient blood.”
While conservative transfusion thresholds are
appropriate for critically ill patients without
active hemorrhage, prompt resuscitation with
blood products is critically important for
patients presenting with hemorrhagic shock.
Furthermore, the hemoglobin concentration
will not reflect the degree of blood loss early
in such a patient’s presentation, obligating the
emergency clinician to identify possible acute
hemorrhage based on the patient’s clinical
circumstances.

10. “I know how to treat sepsis: antibiotics, fluids
and pressors. I don’t need a protocol.”
Aggressive, protocolized, and bundled clinical
management of patients in septic shock results
in improved initial resuscitation and improved
patient outcomes. Adherence to institutional
guidelines for the initial treatment of septic
shock is an important component of the acute
care of severe sepsis and septic shock.

“Her mean arterial pressure of 50 mm Hg is
probably just because she’s pregnant.”
Numerous physiologic changes occur during
pregnancy, including increased cardiac output,
increased heart rate, and decreased systemic
vascular resistance. The decrease in systemic
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“Let’s try bilevel positive airway pressure
and see if his pneumonia gets better after
antibiotics.”
Recognition of multiorgan system failure and
hypotension from septic shock that requires
early intubation and mechanical ventilation is
critically important. Failure to intubate early
in the course of care for critically ill patients
in septic shock can perpetuate the cycle of
impaired oxygen uptake, deficient oxygen
delivery to peripheral tissues, and increased
metabolic demand from increased work of
breathing. Furthermore, recognizing that a
patient’s disease process will take days, rather
than hours, to resolve prioritizes intubation
above noninvasive mechanical ventilation.
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he had clear clinical evidence of impaired end-organ
perfusion as evidenced by altered mental status (impaired
cerebral perfusion) and respiratory insufficiency. While
you recognized the possibility of a cardiogenic process
contributing to his presentation, the majority of the
clinical data supported an infectious process (specifically,
a right lower lobe pneumonia) resulting in a systemic
inflammatory response and distributive pathophysiology
due to septic shock. You administered a bolus of 30 mL/
kg of lactated Ringer’s. You requested a comprehensive
laboratory panel be sent, including CBC, chemistries
and renal function analyses, arterial blood gas, serum
lactate concentration, and blood cultures. You ordered a
chest x-ray to better characterize his presumptive pneumonia. Because the patient was in shock due to sepsis,
you ordered empiric broad-spectrum antibiotics based on
your hospital’s antibiogram – in this case you elected to
administer vancomycin 15 mg/kg (as the patient’s renal
function is not yet known) and cefepime 2 gm IV. Despite these interventions, his blood pressure progressively
decreased in the setting of an increasing temperature
and worsening oxygenation. Given his clinical deterioration, you made the decision to intubate him and initiate
mechanical ventilation with low-tidal-volume ventilation.
Then, you placed a left subclavian central venous line and
initiated a continuous infusion of norepinephrine, titrated
for a MAP goal of > 65 mm Hg. His laboratory studies
demonstrated leukocytosis (WBC 27 x 109/L), thrombocytopenia (90 x 109/L), acute renal failure (creatinine 3.1
mg/dL), and a lactic acidosis (lactate 7.2 mmol/L, bicarbonate concentration of 16 mmol/L, and base excess of -10
mEq/L). After receiving high-quality, evidence-based care
in the ED, he was admitted to the MICU in critical condition, but ultimately made a full and uneventful recovery.

References
Evidence-based medicine requires a critical appraisal of the literature based upon study methodology and number of subjects. Not all references are
equally robust. The findings of a large, prospective,
randomized, and blinded trial should carry more
weight than a case report.
To help the reader judge the strength of each
reference, pertinent information about the study
will be included in bold type following the ref
erence, where available. In addition, the most informative references cited in this paper, as determined
by the authors, will be noted by an asterisk (*) next
to the number of the reference.
1.
2.
3.
4.

In The March/April Issue of EM Practice
Guidelines Update

5.
6.

The March/April 2014 issue of EM Practice Guidelines Update reviews 2 recently updated practice
guidelines on the diagnosis, treatment, and prevention of Clostridium difficile infection (CDI) in the ED:
the 2013 guideline from the American College of
Gastroenterology and the 2014 guideline from the
European Society of Clinical Microbiology and Infectious Diseases.
Seth Gemme, MD and Brian Clyne, MD review
these guidelines for applicability in the ED and answer these questions:
• How are “mild,” “moderate,” “severe,” and
“severe-complicated” CDI defined?
• What are the most effective tests for CDI that
can be used in the ED?
• Should the emergency clinician treat suspected
CDI empirically while awaiting test results?
• What is the first-line medication choice for each
type of CDI? Recurrent CDI?
Emergency Medicine Practice © 2014

7.

8.
9.
10.

11.
12.
13.

14.

18

Jacobson ED. A physiologic approach to shock. N Engl J
Med.1968;278(15):834-839. (Physiology in Medicine; review)
Weil MH, Shubin H. Proposed reclassification of shock states
with special reference to distributive defects. Adv Exp Med
Biol.1971;23(0):13-23. (Commentary; review)
Wilson RF, Wilson JA, Gibson D, et al. Shock in the emergency department. JACEP. 1976;5(9):678-690. (Practice guideline; review)
Villazon SA, Sierra UA, Lopez SF, et al. Hemodynamic
patterns in shock and critically ill patients. Crit Care Med.
1975;3(6):215-221. (Prospective; 56 patients)
Boyan CP. Hypovolemic shock. Anesth Analg. 1967;46(6):746750. (Practice guideline; review)
Schumer W. Hypovolemic shock. JAMA. 1979;241(6):615-616.
(Practice guideline; review)
Shoemaker WC. Cardiorespiratory patterns in complicated
and uncomplicated septic shock: physiologic alterations and
their therapeutic implications. Ann Surg. 1971;174(1):119-125.
(Prospective study; 75 patients)
Romero-Bermejo FJ, Ruiz-Bailen M, Gil-Cebrian J, et al. Sepsis-induced cardiomyopathy. Curr Cardiol Rev. 2011;7(3):163183. (Review)
Hackel DB, Ratliff NB, Mikat E. The heart in shock. Circ Res.
1974;35(6):805-811. (Review)
Blanco J, Muriel-Bombin A, Sagredo V, et al. Incidence,
organ dysfunction and mortality in severe sepsis: a Spanish
multicentre study. Crit Care Med. 2008;12:R158. (Prospective
multicenter observational study; 2619 patients)
Hollenberg SM, Kavinsky CJ, Parrillo JE. Cardiogenic shock.
Ann Intern Med. 1999;131(1):47-59. (Review)
Weil MH, Gazmuri RJ. Shock: new developments in the
management of shock. Appl Cardiopulm Pathophysiol.
1991;4(2):103-107. (Review)
Rutherford RB, Hurt HH Jr, Brickman RD, et al. The pathophysiology of progressive, tension pneumothorax. J Trauma.
1968;8(2):212-227. (Prospective animal model; 10 goats and
5 monkeys)
el Etr AA, Salem MR. Circulatory embarrassment in
patients with large diaphragmatic hernias. Anesthesiology.

www.ebmedicine.net • March 2014

1968;29(1):164-165. (Case report and commentary)
Confalonieri M, Gazzaniga P, Gandola L, et al. Haemodynamic response during initiation of non-invasive positive
pressure ventilation in COPD patients with acute ventilatory failure. Respir Med. 1998;92(2):331-337. (Prospective; 19
patients)
16. Poor HD, Ventetuolo CE. Pulmonary hypertension in the
intensive care unit. Prog Cardiovasc Dis. 2012;55(2):187-198.
(Review)
17. Podbregar M, Krivec B, Voga G. Impact of morphologic characteristics of central pulmonary thromboemboli in massive
pulmonary embolism. Chest. 2002;122(3):973-979. (Prospective; 47 patients)
18. Rady MY. Bench-to-bedside review: Resuscitation in the
emergency department. Crit Care. 2005;9(2):170-176. (Review)
19. Graham CA, Parke TR. Critical care in the emergency
department: shock and circulatory support. Emerg Med J.
2005;22(1):17-21. (Review)
20. Cabello JB, Burls A, Emparanza JI, et al. Oxygen therapy
for acute myocardial infarction. Cochrane Database Syst Rev.
2010;(6):CD007160. (Systematic review)
21. Kilgannon JH, Jones AE, Shapiro NI, et al. Association between arterial hyperoxia following resuscitation from cardiac
arrest and in-hospital mortality. JAMA. 2010;303(21):21652171. (Retrospective analysis of a multicenter prospective
cohort study database; 6326 patients)
22. Kilgannon JH, Jones AE, Parrillo JE, et al. Relationship
between supranormal oxygen tension and outcome after resuscitation from cardiac arrest. Circulation. 2011;123(23):27172722. (Retrospective analysis of a multicenter prospective
cohort study database; 4459 patients)
23. Klein T, Ramani GV. Assessment and management of cardiogenic shock in the emergency department. Cardiol Clin.
2012;30(4):651-664. (Review)
24. Vazquez R, Gheorghe C, Kaufman D, et al. Accuracy of
bedside physical examination in distinguishing categories of
shock: a pilot study. J Hosp Med. 2010;5(8):471-474. (Prospective study; 68 patients)
25.* Howell MD, Donnino M, Clardy P, et al. Occult hypoperfusion and mortality in patients with suspected infection.
Intensive Care Med. 2007;33:1892-1899. (Prospective observational single-center study; 1287 patients)
26. Meregalli A, Oliveira RP, Friedman G. Occult hypoperfusion
is associated with increased mortality in hemodynamically
stable, high-risk, surgical patients. Crit Care. 2004;8:R60-R65.
(Prospective single-center study; 44 patients)
27. Kakebeeke D, Vis A, de Deckere ER, et al. Lack of clinically evident signs of organ failure affects ED treatment
of patients with severe sepsis. Int J Emerg Med. 2013;6(1):4.
(Prospective study; 323 patients)
28. McGee S, Abernethy WB III, Simel DL. The rational
clinical examination. Is this patient hypovolemic? JAMA.
1999;281(11):1022-1029. (Systematic review)
29. Sinert R, Spektor M. Evidence-based emergency medicine/
rational clinical examination abstract. clinical assessment of
hypovolemia. Ann Emerg Med. 2005;45(3):327-329. (Systematic review)
30. Sinisalo J, Rapola J, Rossinen J, et al. Simplifying the
estimation of jugular venous pressure. Am J Cardiol.
2007;100(12):1779-1781. (Prospective study; 96 patients)
31. Vorwerk C, Loryman B, Coats TJ, et al. Prediction of
mortality in adult emergency department patients with
sepsis. Emerg Med J. 2009;26(4):254-258. (Retrospective; 307
patients)
32. Mikkelsen ME, Miltiades AN, Gaieski DF, et al. Serum lactate
is associated with mortality in severe sepsis independent of
organ failure and shock. Crit Care Med. 2009;37(5):1670-1677.
(Single-center cohort study; 830 patients)
33.* Rivers E, Nguyen B, Havstad S, et al. Early goal-directed
15.

March 2014 • www.ebmedicine.net

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

19

therapy in the treatment of severe sepsis and septic shock.
N Engl J Med. 2001;345(19):1368-1377. (Prospective singlecenter randomized study; 263 patients)
Trzeciak S, Dellinger RP, Chansky ME, et al. Serum lactate as
a predictor of mortality in patients with infection. Intensive
Care Med. 2007;33(6):970-977. (Post hoc analysis of a prospectively compiled registry of 1177 patients)
Nguyen HB, Rivers EP, Knoblich BP, et al. Early lactate
clearance is associated with improved outcome in severe
sepsis and septic shock. Crit Care Med. 2004;32(8):1637-1642.
(Prospective; convenience sample of 111 patients)
Jansen TC, van Bommel J, Schoonderbeek FJ, et al. Early
lactate-guided therapy in intensive care unit patients: a multicenter, open-label, randomized controlled trial. Am J Respir
Crit Care Med. 2010;182(6):752-761. (Prospective multicenter
randomized trial; 348 patients)
Chawla LS, Shih S, Davison D, et al. Anion gap, anion gap
corrected for albumin, base deficit and unmeasured anions
in critically ill patients: implications on the assessment of
metabolic acidosis and the diagnosis of hyperlactemia. BMC
Emerg Med. 2008;8:18. (Review)
Mutschler M, Nienaber U, Brockamp T, et al. Renaissance of
base deficit for the initial assessment of trauma patients: a
base deficit-based classification for hypovolemic shock developed on data from 16,305 patients derived from the TraumaRegister DGU®. Crit Care. 2013;17(2):R42. (Retrospective
analysis of 16,305 patients from the TraumaRegister DGU®
database)
Hobbs TR, O’Malley JP, Khouangsathiene S, et al. Comparison of lactate, base excess, bicarbonate and pH as predictors
of mortality after severe trauma in rhesus macaques (Macaca
mulatta). Comp Med. 2010;60(3):233-239. (Retrospective
animal study; 84 rhesus macaques)
Holmes JF, Gladman A, Chang CH. Performance of abdominal ultrasonography in pediatric blunt trauma patients: a
meta-analysis. J Pediatr Surg. 2007;42(9):1588-1594. (Metaanalysis)
Zengin S, Al B, Genc S, et al. Role of inferior vena cava and
right ventricular diameter in assessment of volume status:
a comparative study: ultrasound and hypovolemia. Am
J Emerg Med. 2013;31(5):763-767. (Prospective controlled
study; 5 healthy volunteers and 50 patients)
Juhl-Olsen P, Vistisen ST, Christiansen LK, et al. Ultrasound
of the inferior vena cava does not predict hemodynamic response to early hemorrhage. J Emerg Med. 2013;45(4):592-597.
(Prospective controlled study; 37 healthy blood donors and
10 controls)
Akilli NB, Cander B, Dundar ZD, et al. A new parameter
for the diagnosis of hemorrhagic shock: Jugular index. J
Crit Care. 2012;27(5):530.e13-530.e18. (Prospective study; 35
healthy blood donors)
Volpicelli G, Lamorte A, Tullio M, et al. Point-of-care multiorgan ultrasonography for the evaluation of undifferentiated
hypotension in the emergency department. Intensive Care
Med. 2013;39(7):1290-1298. (Prospective study; 108 patients)
Resnick J, Cydulka R, Platz E, et al. Ultrasound does not
detect early blood loss in healthy volunteers donating blood.
J Emerg Med. 2011;41(3):270-275. (Prospective study; 38
healthy blood donors)
Prekker ME, Scott NL, Hart D, et al. Point-of-care ultrasound
to estimate central venous pressure: a comparison of three
techniques. Crit Care Med. 2013;41(3):833-841. (Prospective
study; convenience sample of 67 patients)
Weekes AJ, Tassone HM, Babcock A, et al. Comparison of
serial qualitative and quantitative assessments of caval
index and left ventricular systolic function during early fluid
resuscitation of hypotensive emergency department patients.
Acad Emerg Med. 2011;18(9):912-921. (Prospective study; 24
patients who generated 72 ultrasonographic videos)
Jones AE, Craddock PA, Tayal VS, et al. Diagnostic accuracy

Emergency Medicine Practice © 2014

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.
63.

center database study; 844 patients)
Boyd JH, Forbes J, Nakada TA, et al. Fluid resuscitation in
septic shock: a positive fluid balance and elevated central
venous pressure are associated with increased mortality.
Crit Care Med. 2011;39(2):259-265. (Secondary analysis of a
prospective multicenter randomized controlled trial; 778
patients)
65. Marik PE. Techniques for assessment of intravascular volume in critically ill patients. J Intensive Care Med.
2009;24(5):329-337. (Review)
66. Dellinger RP, Levy MM, Rhodes A, et al. Surviving Sepsis Campaign: international guidelines for management
of severe sepsis and septic shock: 2012. Crit Care Med.
2013;41(2):580-637. (Practice guidelines)
67. Marik PE, Cavallazzi R. Does the central venous pressure predict fluid responsiveness? An updated metaanalysis and a plea for some common sense. Crit Care Med.
2013;41(7):1774-1781. (Meta-analysis)
68. Marik PE, Cavallazzi R, Vasu T, et al. Dynamic changes in arterial waveform derived variables and fluid responsiveness
in mechanically ventilated patients: a systematic review of
the literature. Crit Care Med. 2009;37(9):2642-2647. (Systematic review)
69.* Perel P, Roberts I, Ker K. Colloids versus crystalloids for
fluid resuscitation in critically ill patients. Cochrane Database
Syst Rev. 2013;2:CD000567. (Systematic review)
70.* Finfer S, Bellomo R, Boyce N, et al. A comparison of albumin
and saline for fluid resuscitation in the intensive care unit. N
Engl J Med. 2004;350(22):2247-2256. (Randomized controlled
trial; 6997 patients)
71. Perner A, Haase N, Guttormsen AB, et al. Hydroxyethyl
starch 130/0.42 versus Ringer’s acetate in severe sepsis. N
Engl J Med. 2012;367(2):124-134. (Prospective multicenter
randomized blinded; 804 patients)
72. Marik PE, Flemmer M, Harrison W. The risk of catheterrelated bloodstream infection with femoral venous catheters
as compared to subclavian and internal jugular venous catheters: a systematic review of the literature and meta-analysis.
Crit Care Med. 2012;40(8):2479-2485. (Systematic review and
meta-analysis)
73. Pope JV, Jones AE, Gaieski DF, et al. Multicenter study of
central venous oxygen saturation (ScvO[2]) as a predictor of mortality in patients with sepsis. Ann Emerg Med.
2010;55(1):40-46. (Secondary analysis of prospectively collected registries; 619 ED patients)
74. Walkey AJ, Wiener RS, Lindenauer PK. Utilization patterns and outcomes associated with central venous catheter
in septic shock: a population-based study. Crit Care Med.
2013;41(6):1450-1457. (Retrospective multicenter database
study; 203,481 patients)
75. Richard C, Warszawski J, Anguel N, et al. Early use of the
pulmonary artery catheter and outcomes in patients with
shock and acute respiratory distress syndrome: a randomized controlled trial. JAMA. 2003;290(20):2713-2720. (Prospective multicenter randomized trial; 676 patients)
76. De Backer D, Biston P, Devriendt J, et al. Comparison of
dopamine and norepinephrine in the treatment of shock. N
Engl J Med. 2010;362(9):779-789. (Prospective multicenter
randomized blinded trial; 1679 patients)
77.* De Backer D, Aldecoa C, Njimi H, et al. Dopamine versus
norepinephrine in the treatment of septic shock: a metaanalysis. Crit Care Med. 2012;40(3):725-730. (Meta-analysis)
78. Walker CA, Griffith DM, Gray AJ, et al. Early lactate clearance in septic patients with elevated lactate levels admitted
from the emergency department to intensive care: time to
aim higher? J Crit Care. 2013;28(5):832-837. (Retrospective
study; 78 patients)
79. Jones AE, Shapiro NI, Trzeciak S, et al. Lactate clearance vs
central venous oxygen saturation as goals of early sepsis
therapy: a randomized clinical trial. JAMA. 2010;303(8):739-

of left ventricular function for identifying sepsis among
emergency department patients with nontraumatic symptomatic undifferentiated hypotension. Shock. 2005;24(6):513517. (Retrospective study; 103 patients)
Randazzo MR, Snoey ER, Levitt MA, et al. Accuracy of
emergency physician assessment of left ventricular ejection
fraction and central venous pressure using echocardiography. Acad Emerg Med. 2003;10(9):973-977. (Prospective study;
115 patients)
Mandavia DP, Hoffner RJ, Mahaney K, et al. Bedside echocardiography by emergency physicians. Ann Emerg Med.
2001;38(4):377-382. (Prospective study; 515 consecutive
patients)
Moore CL, Rose GA, Tayal VS, et al. Determination of left
ventricular function by emergency physician echocardiography of hypotensive patients. Acad Emerg Med. 2002;9(3):186193. (Prospective study; convenience sample of 51 patients)
Rubano E, Mehta N, Caputo W, et al. Systematic review:
Emergency department bedside ultrasonography for diagnosing suspected abdominal aortic aneurysm. Acad Emerg
Med. 2013;20(2):128-138. (Systematic review)
Atkinson PR, McAuley DJ, Kendall RJ, et al. Abdominal and
cardiac evaluation with sonography in shock (ACES): an
approach by emergency physicians for the use of ultrasound
in patients with undifferentiated hypotension. Emerg Med J.
2009;26(2):87-91. (Case series; 7 patients)
Collins SP, Lindsell CJ, Peacock WF, et al. Clinical characteristics of emergency department heart failure patients initially
diagnosed as non-heart failure. BMC Emerg Med. 2006;6:11.
(Prospective multicenter study; convenience sample of 439
patients)
Genovese EA, Fonio P, Floridi C, et al. Abdominal vascular
emergencies: US and CT assessment. Crit Ultrasound J. 2013;5
Suppl 1:S10. (Review)
Lameris W, van Randen A, van Es HW, et al. Imaging
strategies for detection of urgent conditions in patients
with acute abdominal pain: diagnostic accuracy study. BMJ.
2009;338:b2431. (Prospective study; 1021 patients)
Jones AE, Craddock PA, Tayal VS, et al. Diagnostic accuracy
of left ventricular function for identifying sepsis among
emergency department patients with nontraumatic symptomatic undifferentiated hypotension. Shock. 2005;24(6):513517. (Secondary analysis of 103 echos of patients enrolled
in a randomized clinical trial)
Berkowitz MJ, Picard MH, Harkness S, et al. Echocardiographic and angiographic correlations in patients with
cardiogenic shock secondary to acute myocardial infarction.
Am J Cardiol. 2006;98(8):1004-1008. (Secondary analysis of a
prospective randomized controlled trial; 302 patients)
Abdulmalik A, Cohen G. The use of echocardiographic contrast-enhanced rapid diagnosis of ruptured aortic dissection
with transthoracic echocardiography. J Am Soc Echocardiogr.
2007;20(11):1317. (Case report and discussion)
Kjaergaard J, Schaadt BK, Lund JO, et al. Quantitative measures of right ventricular dysfunction by echocardiography
in the diagnosis of acute nonmassive pulmonary embolism.
J Am Soc Echocardiogr. 2006;19(10):1264-1271. (Prospective
study; 300 consecutive patients)
Mathis G, Blank W, Reissig A, et al. Thoracic ultrasound for
diagnosing pulmonary embolism: a prospective multicenter
study of 352 patients. Chest. 2005;128(3):1531-1538. (Prospective study; 50 patients)
Marik PE, Monnet X, Teboul JL. Hemodynamic parameters
to guide fluid therapy. Ann Intensive Care. 2011;1(1):1. (Review)
Rosenberg AL, Dechert RE, NIH NHLBI ARDS Network, et
al. Review of a large clinical series: association of cumulative
fluid balance on outcome in acute lung injury: a retrospective review of the ARDSnet tidal volume study cohort. J
Intensive Care Med. 2009;24(1):35-46. (Retrospective multi-

Emergency Medicine Practice © 2014

64.

20

www.ebmedicine.net • March 2014

746. (Prospective multicenter randomized; 300 patients)
80.* Puskarich MA, Trzeciak S, Shapiro NI, et al. Prognostic
value and agreement of achieving lactate clearance or
central venous oxygen saturation goals during early sepsis
resuscitation. Acad Emerg Med. 2012;19(3):252-258. (Secondary analysis of a prospective multicenter randomized
controlled trial; 203 patients)
81. Ferrada P, Anand RJ, Whelan J, et al. Qualitative assessment
of the inferior vena cava: useful tool for the evaluation of
fluid status in critically ill patients. Am Surg. 2012;78(4):468470. (Prospective study; 108 patients who generated 108
limited transthoracic echocardiograms)
82. Lehman LW, Saeed M, Talmor D, et al. Methods of
blood pressure measurement in the ICU. Crit Care Med.
2013;41(1):34-40. (Retrospective study; 6590 patients who
generated 27,022 simultaneous invasive and noninvasive
blood pressure measurements)
83. Stone SE, Morris TA. Pulmonary embolism during and after
pregnancy. Crit Care Med. 2005;33(10 Suppl):S294-S300. (Review)
84. Fletcher SJ, Parr MJ. Amniotic fluid embolism: a case report
and review. Resuscitation. 2000;43(2):141-146. (Case report
and review of the literature)
85. Beringer RM, Patteril M. Puerperal uterine inversion and
shock. Br J Anaesth. 2004;92(3):439-441. (Case report and
review of the literature)
86. Kasotakis G, Sideris A, Yang Y, et al. Aggressive early crystalloid resuscitation adversely affects outcomes in adult blunt
trauma patients: an analysis of the Glue Grant database. J
Trauma Acute Care Surg. 2013;74(5):1215-1221. (Retrospective
database analysis; 1754 patients)
87. Neal MD, Hoffman MK, Cuschieri J, et al. Crystalloid to
packed red blood cell transfusion ratio in the massively
transfused patient: when a little goes a long way. J Trauma
Acute Care Surg. 2012;72(4):892-898. (Secondary analysis of
multicenter prospective cohort study)
88. Ley EJ, Clond MA, Srour MK, et al. Emergency department
crystalloid resuscitation of 1.5 L or more is associated with
increased mortality in elderly and nonelderly trauma patients. J Trauma. 2011;70(2):398-400. (Prospective study; 3137
patients)
89. Balogh Z, McKinley BA, Cocanour CS, et al. Supranormal trauma resuscitation causes more cases of abdominal
compartment syndrome. Arch Surg. 2003;138(6):637-642.
(Retrospective analysis)
90. Krausz MM. Initial resuscitation of hemorrhagic shock.
World J Emerg Surg. 2006;1:14. (Review)
91. McCunn M, Dutton R. End-points of resuscitation how
much is enough? Curr Opin Anaesthesiol. 2000;13(2):147-153.
(Review)
92. Revell M, Greaves I, Porter K. Endpoints for fluid resuscitation in hemorrhagic shock. J Trauma. 2003;54(5 Suppl):S63S67. (Review)
93. Cheung AT, To PL, Chan DM, et al. Comparison of treatment
modalities for hemorrhagic shock. Artif Cells Blood Substit
Immobil Biotechnol. 2007;35(2):173-190. (Prospective; animal
model; 15 dogs)
94. Rafie AD, Rath PA, Michell MW, et al. Hypotensive resuscitation of multiple hemorrhages using crystalloid and colloids. Shock. 2004;22(3):262-269. (Prospective; animal model;
19 sheep)
95.* Bickell WH, Wall MJ Jr, Pepe PE, et al. Immediate versus
delayed fluid resuscitation for hypotensive patients with
penetrating torso injuries. N Engl J Med. 1994;331(17):11051109. (Prospective, alternating day design; 598 patients)
96. Turner J, Nicholl J, Webber L, et al. A randomised controlled
trial of prehospital intravenous fluid replacement therapy in
serious trauma. Health Technol Assess. 2000;4(31):1-57. (Prospective randomized; 1309 patients)
97. Brain Trauma Foundation, American Association of Neuro-

March 2014 • www.ebmedicine.net

logical Surgeons, Congress of Neurological Surgeons, et al.
Guidelines for the management of severe traumatic brain
injury. I. blood pressure and oxygenation. J Neurotrauma.
2007;24 Suppl 1:S7-S13. (Practice guidelines)
98. Kwan I, Bunn F, Roberts I, WHO Pre-Hospital Trauma Care
Steering Committee. Timing and volume of fluid administration for patients with bleeding. Cochrane Database Syst Rev.
2003;(3)(3):CD002245. (Systematic review)
99. Radwan ZA, Bai Y, Matijevic N, et al. An emergency department thawed plasma protocol for severely injured patients.
JAMA Surg. 2013;148(2):170-175. (Retrospective; 294 patients).
100. Cotton BA, Au BK, Nunez TC, et al. Predefined massive transfusion protocols are associated with a reduction
in organ failure and postinjury complications. J Trauma.
2009;66(1):41-48. (Before-after design; 264 patients)
101. Zehtabchi S, Nishijima DK. Impact of transfusion of freshfrozen plasma and packed red blood cells in a 1:1 ratio on
survival of emergency department patients with severe
trauma. Acad Emerg Med. 2009;16(5):371-378. (Meta-analysis
of 4 observational studies [3 retrospective, 1 prospective];
1511 patients)
102. Mitra B, Mori A, Cameron PA, et al. Fresh frozen plasma
(FFP) use during massive blood transfusion in trauma
resuscitation. Injury. 2010;41(1):35-39. (Retrospective; 141
preintervention patients compared to 125 postintervention
patients)
103. Gonzalez EA, Moore FA, Holcomb JB, et al. Fresh frozen
plasma should be given earlier to patients requiring massive
transfusion. J Trauma. 2007;62(1):112-119. (Retrospective,
database study; 200 patients)
104. Kumar A, Roberts D, Wood KE, et al. Duration of hypotension before initiation of effective antimicrobial therapy is the
critical determinant of survival in human septic shock. Crit
Care Med. 2006;34(6):1589-1596. (Retrospective, multicenter;
2731 patients)
105. Puskarich MA, Trzeciak S, Shapiro NI, et al. Association
between timing of antibiotic administration and mortality
from septic shock in patients treated with a quantitative
resuscitation protocol. Crit Care Med. 2011;39(9):2066-2071.
(Secondary analysis of a prospective, multicenter, randomized, controlled trial; 291 patients)
106. Dellinger RP, Levy MM, Carlet JM, et al. Surviving sepsis campaign: international guidelines for management
of severe sepsis and septic shock: 2008. Crit Care Med.
2008;36(1):296-327. (Practice guideline)
107. Brown SG. The pathophysiology of shock in anaphylaxis. Immunol Allergy Clin North Am. 2007;27(2):165-175. (Review)
108. Choo KJ, Simons FE, Sheikh A. Glucocorticoids for the
treatment of anaphylaxis. Cochrane Database Syst Rev.
2012;4:CD007596. (Systematic review)
109. Kemp SF, Lockey RF, Simons FE, et al. Epinephrine: the drug
of choice for anaphylaxis. A statement of the world allergy
organization. Allergy. 2008;63(8):1061-1070. (Practice guideline)
110.* Hochman JS, Sleeper LA, Webb JG, et al. Early revascularization in acute myocardial infarction complicated by cardiogenic shock. SHOCK investigators. Should We Emergently
Revascularize Occluded Coronaries for Cardiogenic Shock.
N Engl J Med. 1999;341(9):625-634. (Prospective multicenter
randomized trial; 302 patients)
111. Babaev A, Frederick PD, Pasta DJ, et al. Trends in management and outcomes of patients with acute myocardial infarction complicated by cardiogenic shock. JAMA.
2005;294(4):448-454. (Prospective, multicenter database
study; 293,633 patients)
112. French JK, Feldman HA, Assmann SF, et al. Influence of
thrombolytic therapy, with or without intra-aortic balloon
counterpulsation, on 12-month survival in the SHOCK trial.
Am Heart J. 2003;146(5):804-810. (Secondary analysis of a

21

Emergency Medicine Practice © 2014

prospective, multicenter randomized trial; 302 patients)
113.* Thiele H, Zeymer U, Neumann FJ, et al. Intra-aortic balloon
support for myocardial infarction with cardiogenic shock.
N Engl J Med. 2012;367(14):1287-1296. (Prospective, multicenter, randomized; 600 patients)
114. McKenna M. Controversy swirls around early goal-directed
therapy in sepsis: pioneer defends ground-breaking approach to deadly disease. Ann Emerg Med. 2008;52(6):651-654.
(Review / perspective)
115. Peake S, Webb S, Delaney A. Early goal-directed therapy of
septic shock: we honestly remain skeptical. Crit Care Med.
2007;35(3):994-995. (Letter to the editor)
116. Marik PE, Varon J. Early goal-directed therapy: on terminal
life support? Am J Emerg Med. 2010;28(2):243-245. (Review /
perspective)
117. Chung KP, Chang HT, Huang YT, et al. Central venous
oxygen saturation under non-protocolized resuscitation is
not related to survival in severe sepsis or septic shock. Shock.
2012;38(6):584-591. (Prospective study; 124 patients)
118.* Hebert PC, Wells G, Blajchman MA, et al. A multicenter,
randomized, controlled clinical trial of transfusion requirements in critical care. Transfusion Requirements in Critical
Care Investigators, Canadian Critical Care Trials Group. N
Engl J Med. 1999;340(6):409-417. (Randomized controlled
trial; 838 patients)
119. Marik PE, Corwin HL. Efficacy of red blood cell transfusion
in the critically ill: a systematic review of the literature. Crit
Care Med. 2008;36(9):2667-2674. (Systematic review)
120. Fuller BM, Gajera M, Schorr C, et al. Transfusion of packed
red blood cells is not associated with improved central
venous oxygen saturation or organ function in patients with
septic shock. J Emerg Med. 2012;43(4):593-598. (Retrospective
cohort; 93 patients)
121. Carlet J. Early goal-directed therapy of septic shock in the
emergency room: who could honestly remain skeptical? Crit
Care Med. 2006;34(11):2842-2843. (Commentary)
122. Rivers EP, Coba V, Whitmill M. Early goal-directed therapy
in severe sepsis and septic shock: a contemporary review
of the literature. Curr Opin Anaesthesiol. 2008;21(2):128-140.
(Systematic review)
123. Rivers EP, Katranji M, Jaehne KA, et al. Early interventions
in severe sepsis and septic shock: a review of the evidence
one decade later. Minerva Anestesiol. 2012;78(6):712-724. (Systematic review)
124. Bozza FA, Carnevale R, Japiassu AM, et al. Early fluid resuscitation in sepsis: evidence and perspectives. Shock. 2010;34
Suppl 1:40-43. (Systematic review)
125. Konstantinides S, Geibel A, Heusel G, et al. Management
Strategies and Prognosis of Pulmonary Embolism-3 Trial
Investigators. Heparin plus alteplase compared with heparin
alone in patients with submassive pulmonary embolism. N
Engl J Med. 2002;347(15):1143-1150.(Prospective randomized
controlled blinded; 256 patients)
126. Jerjes-Sanchez C, Ramirez-Rivera A, de Lourdes Garcia M,
et al. Streptokinase and heparin versus heparin alone in
massive pulmonary embolism: a randomized controlled
trial. J Thromb Thrombolysis. 1995;2(3):227-229. (Prospective,
randomized, controlled trial; 8 patients)
127. Chung E, Chen G, Alexander B, Cannesson M. Non-invasive
continuous blood pressure monitoring: a review of current
applications. Front Med. 2013;7(1):91-101. (Review)
128. Takala J, Ruokonen E, Tenhunen JJ, et al. Early non-invasive
cardiac output monitoring in hemodynamically unstable
intensive care patients: a multi-center randomized controlled
trial. Crit Care. 2011;15(3):R148. (Prospective randomized
controlled multicenter; 338 patients)
129. Funk DJ, Moretti EW, Gan TJ. Minimally invasive cardiac
output monitoring in the perioperative setting. Anesth
Analg.2009;108(3):887-897. (Review)
130. Compton F, Schafer JH. Noninvasive cardiac output deter-

Emergency Medicine Practice © 2014

mination: broadening the applicability of hemodynamic
monitoring. Semin Cardiothoracic Vasc Anesth. 2009;13(1):4455. (Review)

CME Questions
Take This Test Online!
Current subscribers receive CME credit absolutely free by completing the following test. Each
issue includes 4 AMA PRA Category 1 CreditsTM, 4
ACEP Category 1 credits, 4 AAFP Prescribed
Take This Test Online!
credits, and 4 AOA Category 2A or 2B credits.
Monthly online testing is now available for
current and archived issues. To receive your free
CME credits for this issue, scan the QR code
below with your smartphone or visit
www.ebmedicine.net/E0314.

22

1.

In early shock, the carotid baroreceptors
respond to decreased blood pressure by triggering an increase in sympathetic signaling,
resulting in which of the following systemic
effects?
a. Increased systemic vascular resistance
b. Decreased heart rate
c. Decreased cardiac output
d. Increased respiratory rate

2.

All of the following are potential benefits of
intubation and initiation of mechanical ventilation for patients in shock EXCEPT:
a. Decreased work of breathing
b. Improved right ventricular preload
c. Airway protection
d. Decreased systemic oxygen consumption

3.

Which of the following is the most rapid, accurate, and easily reversible means of assessing a
patient’s fluid responsiveness?
a. Central venous pressure
b. Pulmonary capillary wedge pressure		
c. Passive leg raise with a cardiac output 		
monitor
d. Transthoracic echocardiography
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4.

Which of the following is appropriate for
initial acute volume resuscitation for a patient
presenting with septic shock?
a. Albumin 5%
b. Hydroxyethyl starch 3%
c. Packed red blood cells
d. Lactated Ringer’s

5.

For patients presenting with shock after
trauma, which is an appropriate step in management?
a. Maintain hypotension to reduce intracranial
pressure if traumatic brain injury
is suspected.
b. Initiate aggressive crystalloid resuscitation
instead of blood to reduce the risk of blood
transfusions.
c. Early plasma transfusion if patients are 		
anticipated to need massive transfusion.
d. Immediate CT scan of the spine to evaluate
for neurogenic shock.

6.

Which of the following should be performed
very early in the presentation of a patient with
septic shock?
a. Formal transthoracic echocardiography
b. Administration of broad-spectrum 		
antibiotics
c. Pulmonary artery catheter placement
d. Noninvasive cardiac output monitoring

7.

The 2012 update of the Surviving Sepsis
Campaign recommends all of the following as
appropriate initial interventions for patients
presenting with septic shock EXCEPT:
a. Lactate should be checked at 0 and 6 hours.
b. Blood cultures should be drawn and broadspectrum antibiotics given.
c. 30 cc/kg of crystalloid should be given for
hypotension or lactate ≥ 4 mmol/L.
d. Packed red blood cells should be transfused
if the hematocrit is < 30%.

8.

Mortality is decreased for patients with cardiogenic shock by which of the following interventions:
a. Early percutaneous coronary intervention
within 90 minutes of presentation
b. Pulmonary artery catheter placement
c. Broad-spectrum antibiotics
d. A and B
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